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PREFACE. 



In introducing the present work to the Public, a few 
prefatory words appear called for to explain the objects 
with which the Author prepared it. The great pro- 
ficiency in mathematics requisite for the comprehension 
of more elaborate treatises on girders, roofs, &c., has 
rendered such works unsatisfactory to the great bulk of 
engineering students, and useless to those artizans who, 
haying spent their early years in labour, have not had 
leisure for the more abstruse branches of education. 
For these two classes the present work has been espe- 
cially written, after several years' consideration of the 
subject, and throughout care has been taken to preserve 
the pure principles of structures in their exactitude, 
without using any mathematical processes beyond arith- 
metic, except in the simple algebraical demonstrations of 
the rules which arc inserted for the use of such as may 
desire to study them. 

FRANCIS CAMPIN. 



ADVERTISEMENT TO THE SECOND EDITION. 



A SECOND edition of this Treatise having heen called for, 
advantage has been taken of the opportunity thus offered 
to correct certain typographical and clerical errors that 
found their way into the first edition. 

The Author has also carefully revised the work 
throughout, and, where it appeared desirable, re-written 
portions, but in no case has he altered the opinions ex- 
pressed in the first edition, the practice of the intervening 
period of five years having in all cases tended to confirm 
them. 
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INTEODUCTION. 

The vast progress made during the last fifty years ia 
metedlurgical art has caused the metals to assume a 
very forward place amongst the materials used for 
structures of all descriptions, such as bridges, roofs, 
lighthouses, and public and private buildings of all 
kinds, and it may specially be remarked that at the 
present time much more attention has been drawn to 
the adaptation of iron to the purposes of the builder 
than that subject had hitherto attracted. 

Iron being, from its physical qualities, suitable for a 
great variety of uses, extending up to the construction 
of the greatest works, it is easy to account for the fact 
that almost only works of great magnificence have 
received that general consideration which smaller 
undertakings equally deserve. The engineer may 
point with justifiable pride to the bridges which in 
safety carry our heavy traffic over the widest rivers, 
and contemplate with satisfaction the colossal roofs 
which afford a covering to our spacious railway stations ; 
but equally with these the student should examine the 
requirements and principles of those works which, 
though less pretentious, acquire equal importance from 

•a 
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their greater fequencr. Ik caamot "be denied, eren by 
the most ardezit admirer (xf stoqpeiLdons irorks, that tho 
due proportLcmmg and azrangeiEisit of iron stmctnres, 
which may perhaps £}irm the naGleos of a fatme colony, 
and afiTord comfort and securitj to its founders, are not 
inferior in importance to the more daboiate designing 
of the most expensive stziictare reqidred by the economic 
and sesthetie exigencies of a civilised community ; hence, 
the engineer who would perform the duty which devolves 
upon him of extending his art through tiie widest sphere 
of usefulness must study the application of the materials 
with which he has to deal, even to works of apparent 
insignificance, and, moreover, by so doing he will acquire 
a knowledge which will subsequently be of great value 
to him in setting out the subordinate details of any 
larger structures with the execution of which he may be 
entrusted. 

In treating of wrought and cast iron structures, we 
shall endeavour to set forth in the simplest possible 
form the fundamental principles which rule the applica- 
tion of the metals referred to, to structural purposes, 
whether as arches, pillars, girders, or trussing, and 
subsequently to explain the mode in which works having 
been designed in accordance with such principles are 
executed, in the iron-yard or foundry, as the case 
may be. 

It is not sufficient that the engineer should merely be 
able to calculate the strength of every part of his work, 
which he may generally do by the aid of books of rules, 
&c., but he requires a keen perception of possible eon- 
iingencies which may arise during the process of manu- 
facture, and a knowledge of aesthetics, so that by duly 
eonsidoring the characters of his materials, he may 
produce a work combining in the highest degree utility 
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with a pleasing appearance. Of course no one can ex- 
pect to possess these qualifications without previously 
having extensive praxjtical experience ; but careful unre- 
mitting study of the works of predecessors will tend 
very materiedly to assist in educating the eye and 
maturing the judgment of the student, provided that he 
reflects careftdly upon the good and bad features — ^both 
constructive and artistic — observed in such structures as 
come under his notice ; and speaking of bad features, 
let it be remembered that much useful information is to 
be gained from studying errors, for from an examination 
of their causes, their future occurrence may be avoided, 
and from their results the importance of obviating them 
may be estimated. 

In respect to the production of pleasing effects in iron 
structures we have always held a very decided opinion 
that such a result can seldom be attained by omamenta* 
tion, having no other duty thanthat of hiding unsightly 
work ; it must be due to a consistency of design, the 
forms introduced should be such as are suggested by the 
nature of the material wrought, otherwise they are not 
in accordance with common sense, hence are opposed to 
good taste. If we consider some of our stone structures, 
there is but little of actual ornament about them, such, 
for instance, as London Bridge and Waterloo, but yet 
from the consistency of design both these noble works 
produce a pleasing effect upon the eye ; the same results 
may doubtless be secured with other materials, but it 
must not be forgotten that each typical material has a 
siyle of architecture specially suited to it, and if that 
style be not followed in its application, discordant effects 
will be produced, and in point of fact it is better to have 
a work absolutely plain than loaded with ornamentation 
inconsistent with its general character. 



4 THE APPUOATIOK OF IBON 

In regard to tlie strength of structures, the modes of 
ascertaining it are sufB.ciently clear and reliable, and 
once comprehended cannot give rise to failure if correct 
data are used as to those matters which are determined 
by experiment, such as the resistance of the materials 
to the various forces to which they are subjected when 
fitted into their respective places in the structures of 
which they form the details. It is, however, very re- 
markable that engineers in this country have not availed 
themselves of the improvements in the iron trade to so 
great an extent as they might in reducing the weight of 
wrought-iron structures ; in fact, these works are made 
stronger, and therefore more costly, than is necessary. 
If metal will safely carry five tons in tension per sectional 
square inch, surely it is a waste to make bridges of such 
proportions that the heaviest strain cannot exceed two 
and a half or three tons — it may be instructive to ex- 
amine the amount of loss thus caused. 

If we merely take the area of the metal required to 
carry the live or moving load, the waste caused by using 
too low a co-efficient of strength is at once observable ; 
but by increasing the areas of the parts of a structure, 
the dead load or weight of such structure is also in- 
creased, and all the strength taken up in the support of 
the work itself (although a necessary absorption of re- 
sistance), must be regarded as prejudicial. One reason 
to which may be assigned the excessive sectional area 
found in the works of many engineers, is that habitually 
in the first calculation of strains the dead load is much 
over estimated, sometimes as much as fifteen or twenty 
per cent. 

Now, although undoubtedly it is always best to have 
some excess of strength, yet it is both unwise and im- 
scientific, as well as ruinous, to have too great an excess; 
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and moreover it shows a deficiency or mistrust some- 
where ; the engineer loses faith either in his own design 
or in the quality of materials or workmanship supplied 
by the manufacturer, and he can assure himself of the 
two latter points by exercising personally, or by a com- 
petent representative, proper supervision of the work 
during its construction. 

Turning to the works of nature, which should ever 
guide the engineer, there is seen ample strength pro- 
vided, but no waste of material ; each object is nicely 
adapted to rdeet the exigencies of its own case, and the 
works of certain insects exhibit such examples as are 
well worthy of the careful study of himian constructors, 
for we have to arrive by our intellectual efforts at a 
stage of perfection comparable to that evolved from the 
instincts of the lowest orders of the animal world. 

In making allowances for possible weakness of ma- 
terial and for other uncontrollable emergencies, these 
should be treated en masse, and the requisite excess of 
strength above that required by theory at once deter- 
mined, instead of pursuing the common system of 
assuming the loads and strains to be greater than they 
ever can be, and after calculating from the data of these 
imattainable loads to throw in an excess of sectional 
area over that ascertained. It is not as if maximum 
loads were difficult to be determined, for, on the con- 
trary, the means of finding their amounts are always 
available. If a bridge is required to carry general 
traffic, the weight of that traffic and the nature of the 
concussions or vibrations produced by it may be found. 
If the work forms a portion of a Kne of railway the 
weight of the stock on such line is known to the 
engineer. Similarly with girders and columns used in 
the erection of warehouses and other buildings, the 
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total superimposed load can always be ascertained* 
The actual maximum load having been arrived at, 
there need be no further allowance made, provided the 
metal be duly tested and the workmanship good, then a 
soimd but light work will be obtained, one combining 
the two requisites of ample strength and minimum 
weight. 

Sometimes it may, of two plans, be more economical 
to adopt the heavier ; and this will be the case when in 
the lighter design all that is saved in material is Ipst by 
increased cost of manufacture or material ; hence, that 
the engineer may be thoroughly competent to judge in 
such instances, he must have a knowledge of the 
mechanical manipulations to which his materials are 
subjected in the process of being manufactured into the 
required forms, otherwise he will be at the mercy of the 
contractor to whom he applies for advice, and whose 
business it is to turn out the work in such a manner 
that, whilst it does him no discredit, he can make the 
greatest profit out of it. In fact, the civil engineer is 
the buyer, or rather is entrusted virtually with the 
buying, of certain things of which the contractor is the 
seller; hence, considering the great trust reposed in 
him and the heavy responsibilities attaching to his 
position, he should, by every means in his power, 
endeavour to gain a thorough knowledge of his pro- 
fession, theoretically and practically, and thus qualify 
himself for the sphere of usefulness he has selected. 
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CHAPTER I. 

CAST AND WEOUGHT IRON AND STEEL. 

Thb mecliaiiical properties of cast-iron differ widely 
from those of the wrought metals hence the modes of 
manipulation, and the purposes to which these materials 
are especially suitable, also vary considerably. 

Cast-iron is rigid, inflexible, and brittle, incapable 
of being forged, welded, or drawn, although it may 
readily be cast into any required form. Wrought-iron 
is remarkable for its toughness ; it may be beaten into 
various shapes at a red heat, and welded at a white 
heat; these welded joints being, when properly exe- 
cuted, equal in strength to the solid metal ; in fact, a 
good weld w solid metal. Wrought-iron may bo drawn 
cold into fine wire, hence is very ductile. 

Of cast-iron there are several qualities and kinds, 
varying from that which has a silvery- white, crystaUino 
fracture, to the tougher kinds, exhibiting a grey fracture. 
By certain modes of treatment castings, when made, may 
be rendered malleable ; but, in fact, the nature of the 
material becomes more similar in the process used to 
that of wrOught-iron ; but malleable castings have not 
nearly the strength of ordinary wrought-iron, although 
they lose the brittleness of common cast-iron, and thus 
become less liable to fracture; hence this metal is 
valuable for articles of common use, which, although 
subject to rough handling and falls, are not called nj-on 
to bear strains of any magnitude. 

The quality of malleable iron depends upon the 
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foreign bodies associated with it, hence in great mea- 
BTire upon the quality of cast-iron from which it is made, 
being prepared from that metal by processes of purifi- 
cation; but this is also influenced by the amount of 
hammering or working the wrought metal has under- 
gone while in a state approaching semi-fiision, the 
continued working rendering the metal more homo- 
geneous or imiform in its structure, and, therefore, 
tougher and of more equal strength throughout. 

Steel, which consists of iron combined with a portion 
of carbon, possesses most of the properties of wrought- 
iron in a higher degree ; it must, however, be forged at 
a lower temperature ; it admits also of being cast, and 
various degrees of hardness may be imparted to it by a 
process of hardening and tempering, the greatest hard- 
ness being obtained by plunging the red-hot metal into 
cold water. In this state, however, it is exceedingly 
brittle, hence for most purposes it is necessary to temper 
it lower, which is effected by gradually heating the 
metal to a certain temperature, regulated according to 
the degree of hardness and elasticity required in the 
work imder manipulation. 

The resistance of wrought-iron to a tensile or stretch- 
ing strain is far greater than that of cast-iron, but the 
strength of the latter as opposed to compressive or 
crushing strain is superior to that of the former. 

The tensile resistances of the piaterials per squaxe 
inch of sectional area are : — 

Swedish bar-iron . . 65,000 lbs. = 29*01 tons. 

Eussian „ . . . 59,470 „ = 26-54 „ 

English „ . . . 56,000 „ = 25*00 „ 

Wire rope . •'. . 90,000 „ =40-17 „ 

Cast-iron 17,62» „ = 7-87 „ 
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The compressive resistances are : — 

Cast-iron 120,000 lbs. = 53-57 tons. 

"Wrouglit-iron . . . 36,000 „ = 16*07 „ 

Generally in practice no strain is allowed upon metal 
which shall exceed one-sixth part of its ultimate strength 
or breaking weight, although soimd metal is not sup- 
posed to be injured until one-third of its breaking 
weight is reached, injury being shown by permanent 
alteration of form, for although a body may be bent, 
extended, or compressed, no injury can be assumed to 
have been caused so long as upon the removal of the 
strain such body resumes its former figure and dimen- 
sions. The permanent deflection of structures due to 
imperfections in the joints is not to be confoimded with 
that due to physical injury of the material, and is, in 
fact, quite immaterial to the strength of the work, pro- 
vided it be kept within reasonable limits. 

In calculating bridges and other works specified to be 
of good {i.e. above the average) iron, it is usual to allow 
as safe strains per square inch,— 

Wrought-iron in tension 5 tons — in compression 4 tons. 
Cast-iron „ 1*5 ,, — „ 7 tons. 

These mechanical differences in the properties of the 
various kinds of commercial irons are due to variations 
in chemical composition, hence it is desirable briefly to 
consider the constitution of the metal and the changes 
brought about in it by processes of manufacture. In 
nature but little iron, comparatively speaking, occurs in 
the metallic state, the 'largest deposit being probably 
found in the beds of magnetic iron-sand at Taranaki. 
This sand may be regarded as almost pure iron, con- 
taining as it does about 95 per cent, of that metal ; the 
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remainder consists of small proportions of various 
foreign substances, such, as manganese, titanium, &c. 
THs material is not largely used, on account of its con- 
dition rendering it awkward to manipulate. 

The ores or iron-stones, from which the iron of com- 
merce is mainly derived, contain the metal in the con- 
'lition of oxide or rust, associated with various metallic 
and earthy matters, which must be got rid of by metal- 
lurgical operations. The ores contain the iron in pro- 
portions varying from 70 per cent, down to 28 per cent. ; 
those poorer than the latter are not worked to extract 
their metal, though they are used as fluxes in the treat- 
ment of the richer minerals. 

The iron being found combined with oxygen, it is 
necessary to remove the latter in order to release the 
metal, and this is effected by the smelter in a process of 
reduction. The iron-stone is put into a blast-furnace in 
contact with carbon (as fuel), and a high temperature 
being maintained, the carbon combines with the oxygen 
of the oxide of iron, and the reduced metal melts and 
flows through the fuel to the bottom of the furnace. 
Besides the fuel and iron-stone, it is also necessary to 
put into the furnace certain materials to act as fluxes, 
which, becoming partially liquified, dissolve some of the 
foreign matters associated with the iron, retaining them 
in the form of slags. The theory of the action set up is 
sufficiently simple, but in practice the processes are 
somewhat more complex than might be imagined, hence 
it is advisable to explain the operations by which the 
iron is eliminated from its ores. 

As a general rule, a mixture of several different kinds 
of ore is used for smelting, because experience has 
shown that this process is then more easily and com- 
pletely carried out than if one kind of ore be employed 
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alone. Such ores as contain carbonic acid, water, or 
sulpliur must, previous to undergoing the smelting pro- 
cess, be roasted in suitable furnaces to expel those 
bodies which will pass of£ in the gaseous state under 
the influence of heat. The ores always contain a certain 
amount of impurities termed gangtm, such as silica, 
clay, lime, phosphorus, manganese, &c. Silica espe- 
cially forms a principal ingredient in iron ores, and this 
will not melt, even when exposed to the greatest furnace 
heat, alone ; but it must be melted in order that the 
iron may flow out jfrom its ores and be obtained as a 
coherent mass. This is effected by the addition of a 
flux, commonly lime, which, being a base, combines 
with the silicic acid ; a lime-glass is thus formed, and 
if loam and clay be also present, an alimiina-glass, both 
of which, when combined, melt more easily than each 
separately, and flow off as slag. The combination of 
ores and fluxes ready for the smelter is called the 
mixture. Alternate layers of this mixture and of 
wood-charcoal or coke are thrown into the blast- 
furnace in suitable proportions, according to the quality 
of the mineral used. 

The top or mouth of the furnace serves both for 
charging the materials and for the escape of smoke ; it 
is thus at once a door and a chimney. In the upper 
part of the shaft the mixture is heated to redness, hence 
a roasting effect is produced ] during this process the 
carbonic acid of the limestone also escapes. Further 
down the carbon abstracts from the iron ore its oxygen, 
and escapes with it as carbonic oxide, which at the 
mouth, on coming into contact with the atmospheric air, 
is consumed, exhibiting a bright flame. 

In the boshes or lower part of the furnace, where the 
heat is most intense^ the reduced iron melts and falls in 
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drops upon the hearth, together with the silica, limo 
and clay ; these form a slag which floats on the melted 
iron, and is drawn off from time to time, as occasion 
may require. The molten iron is allowed at intervals to 
flow off tliiough a hole in the side of the hearth. After 
having heated to 200° or more the air requisite for the 
combustion, of the charcoal or coke, it is forced into the 
blast-furnace by a blowing-engine or other suitable 
apparatus, and a temperature of probably 2000®, or 
2600*' Fahr., is obtained. 

In proportion as the melted iron and slag are removed 
from beneath, fresh charges of ore, lime and fuel are 
introduced at the top, and in this manner the smelting 
is often continued for five or six years, according as the 
furnace holds out. The following table shows the mate-* 
rids used and the resulting products : — 

Materials. Pbodxtots. 

Xron ore — Oarburetted iron (cast-iron). 
Flux — Carbonic oxide and carbonic acid (gases of com- 
bustion). 
Fuel — Silicates of lime and alumina (slag). 

The siliceous slags from the blast-furnace usually have 
a green or blue colour, which is due to the oxides of 
iron and manganese dissolved in it whilst in a state of 
\ision ; it is frequently formed into square blocks, and 
used for building stones. 

The metal obtained by the above process is termed 
crude cast-iron ; it is by no means pure, but is che- 
mically combined with carbon, and also contains small 
proportions of other foreign bodies, such as silica, 
alimiina, manganese, &c. A hundredweight of iron 
^iU take up at the hottest white heat from about four 
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to five pounds of carbon, likewise some silicon from the 
silicic acid| and aluminum from the clay. Traces of 
sulphur, phosphorus, and arsenic are also sometimes 
present. 

As the molten crude iron flows from the hearth of the 
fiimace, it is directed into a trough or channel formed 
in a bed of sand, from which other channels branch off 
on either side ; the iron cast in the main channel is 
termed the sowy and that in the smaller ones the pt^Sf 
whence the term pig-iron. 

Of the two kinds of iron commonly known in com- 
merce, grey iron has a granular texture, and admits of 
being filed and bored with faciliiy ; hence it is suitable 
for castings. 

White iron is of a silvery whiteness, and too hard to 
be worked with steel instruments, and is most suitable 
for the manufacture of malleable iron and steel. Crude 
white iron, by remelting and very slow cooling, is 
changed to grey, and, on the other hand, grey iron is 
changed to white by heating and then suddenly cooling 
it. Thus, by pouring molten metal into a cold mould it 
acquires a very hard surface, and presents what is 
termed a chilled casting. 

Castings may be locally chilled by forming the mould 
with means for cooling that part of the surface which 
corresponds with the portion of the casting required to 
be hard. 

Malleable iron is obtained from crude iron by de- 
priving it of its carbon, which is done by various pro- 
cesses of oxidation, such as the following : — 

1. The carbon is oxidised by the action of atmo- 
spheric air on the molten iron, which is kept stirred to 
eirpose new surfaces to its action whilst in a refixvat^ 
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or a puddling furnace. (The old method of pud- 
dling.) 

2. Air is forced through the iron while in a state of 
fusion in a vessel termed a converter, through the 
bottom of which the air is blown. (Bessemer's method.) 

3. Super-heated steam is forced through the molten 
metal, thus oxidising the carbon, and also removing 
sulphur and phosphorus as sulphuretted and phos- 
phoretted hydrogen. (Galy-Cazalat's method.) 

4. The melted metal is acted on with certain salts, 
such as nitrate of soda, &c., by which the carbon is 
oxidised out. (Heaton's process.) 

In all these processes the carbon escapes as carbonic 
oxide or carbonic acid. The process invented by Galy- 
Cazalat has not yet been applied on a large scale in 
England, but in France it has been found to yield 
results eminently satisfactory, and it certainly is a very 
elegant process, both the constituent gases of the water 
which are evolved by its decomposition being rendered 
subservient to some useful purpose. 

The quality of malleable iron is improved by being 
well hammered and cut up, and again worked up in the ' 
forge, as by these means its quality is rendered more 
imiform and its texture more homogeneous ; thus scrap 
iron, that is old iron re-worked, is much esteemed for 
certain manufactures, such as for gun-barrels, &c., 
requiring great strength and soundness. 

Steel is iron containing a certain quantity of carbon, 
but not so much as is found in cast-iron ; it may be 
prepared in either of the two following ways : — 

1. By keeping bars of wrought-iron at a temperature 
close upon the melting point in contact with powdered 
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charcoal, access of air being prevented for a length of 
time, dependent on the size of the bars. This process is 
called cementation, and evidently the bars will be more 
carbonised on the exteriors than the centres ; hence, to 
obtain the steel ^uniform, the cemented bars must be 
cut up and re-wrought into bars or plates, as may be 
required. 

2. By carrying the refining of crude iron to such 
a point that there is sufficient carbon left in it to form 
steel, and then arresting the process. This method 
gives better results at a much reduced cost of pro- 
duction. 

Malleable iron, for general commercial purposes, is 
manufactured in the following forms : — 

Bars. — Round, square, flat, elliptical. 

Do. — ^Angle, tee, and flanged, having sections L T 
and H, also half-H iron or channel iron bars. 

Plates. — Of various sizes. 

Special forms frequently used, as railway-bars, sash- 
bars, deck-beams, roUed-girders, &c. 

The rolls in which the bars and plates are formed are 
adjustable, so that any required thickness may be 
obtained. 

In ordering iron of a manufacturer for any consi- 
derable work, it is usual, after the working drawings 
have been finally settled, to go carefully through them, 
and note the sizes of all the plates and bars required, 
then flpom these data the order list for the rolling-mills 
can be made out. 

Medium-sized bars will run up to 25 feet in length, 
and fiimilar angle-iron bars up to 30 feet ; but whea 
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bars or plates exceed certain gross weights per plate or 
per bar, the price per ton is increased, otherwise the 
longer the bars the better, as reducing the number of 
joints in a structure. 

Some years back a method of plate-welding was intro- 
duced, to supersede rivetting, by Mr. Bertram, but it 
has not come largely into use, although it was found that 
joints thus made were equally strong with the rest of 
the plate when experimentally tried. Probably the 
practical difficulties in manipulation have militated 
against its adoption. 



OHAPTEE IT. 

STRAINS ON STRUCTURES. 

The strains which are brought to bear upon the different 
elements of structures are five in number, namely, ten- 
sion, compression, transverse or bending strain, shearing, 
and torsion or twisting strain. The two first are direct, 
and the third may be resolved into them. Shearing 
force tends to cut or shear off some portion of material, 
such for instance as the head of a rivet. Twisting 
strain does not often occur in the elements of structures, 
being more common in machinery, — it may, however, 
be resolved into shearing force. 

A strain of a direct character may act upon an 
element lying in the same direction — such is the stress 
produced by a load on a column or a weight hanging at 
the extremity of a chain or vertical suspending rod; but, 
on the other hand, the strain may not act in the direc- 
tion of the sustaining framework, being borne by two 
or more inclined bars. In such a case the intensity of 
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the strain on tlie element will be different from that 
of the force to which it is due, and, moreover, in each 
element different from the proportion or share of force 
resisted thereby. 

Let abiR Fig. 1 represent an inclined bar forming 
part of a truss, or lattice girder, its lower end resting 
on the point of support or pier, h, and let this inclined 
bar sustain a weight or part 
of a weight, transmitting •^'^* '^ 

the load thus imposed upon — _-«;. 

it to the pier. Let this load, 
which passes through a J, be 
represented by the ball w. ' 
From the foot h of the in- 
clined bar draw the line h <?, - 
horizontal, then it will be at 
right angles to the vertical 
line a c. It is required to find 
the strain on the bar a 3, due to the load w. Taking h 
as a starting point, the position of the extremity a will 
be described by giving the two measurements h c and 
e a, a is the point at which the load is applied, and 
evidently J (? is its horizontal distance from the point I ; 
that is to say, its distance from h, measured only in a 
horizontal direction; and, in like manner, a e ia the 
perpendicular distance, or height of the point a above the 
point h ; that is, ^ ^ is the distance from h, measured 
perpendicularly. The rule to find the strain on the 
inclined bar will be as follows : — 

Bulb (1). To find the strain, multiply the load by the length of 
the bar in feet, and divide the product by the ** perpendicular 
distance " in feet. The quotient will be the strain, which will 
be in pounds if the load is taken in poimds, or in tons if the 
load is taken in tons. 




i 



18 THE APPLICATION OP IBON 

Example. Let tlie weight be 2,500 lbs., the length 
of the bar 20 feet, and the height or ** perpendicular 
distance " 16 feet, then the rule should be thus 
worked :— 

2,500 lbs. weight or load, 
20 feet length of bar, 

"Peipen. distance," 16 )50,000( 3,125 lbs. 'strain on bar. 

48 



20 
16 

40 
32 



80 
80 



Had the load been 25 tons, the working would be— 

25 tons' load, 

20 feet length of bar. 



'Terpen. distance," 16 )50,000( 31-25 tons, or 31i tons' 

48 strain on bar. 

20 
16 



40 
32 



80 
80 



'Bus practical rule will serve in every case to determine 
the strain on a bar due to the force or load transmitted 
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by it, no matter in wliat position such bar is placed, 
when the following quantities are given, viz., the 
amount of weight or force acting upon the bar, the 
length and position of the bar, and the direction of the 
force. 

To make the diagram, the bar is drawn in an>f 
convenient position, as a by Fig. 1 ; a c is then drawn 
from the point of application, a, of the force, and b e 
is drawn from the end h of the bar at right-angles to 
a Cy so as to complete the right-angled triangle a b Cy 
the ** perpendicular distance" always lying in the direc- 
tion in which the force or load is acting upon the 
inclined bar. 

Having given the rule and exemplified its applica- 
tion, it is now necessary to show in what manner it is 
obtedned ; we will, therefore, proceed to its demon- 
stration. 



Fig. 2. 



In Fig. 2, let TF be a weight at the extremity of a 
cord or rod, a Wy which weight is supported by the two 
inclined bars, aby a e, the load being suspended from 
apex a, and the lower ends 
resting on suitable abut- 
ments at b and e ; of course, 
a ^will be vertical, and the 
supporting elements are 
assumed to be straight. It 
is required to determine the 
proportion of the load borne 
by each point of support and 
the strain upon each of the 
bars a by ae. Let x and y 
represent the respective distances of the points of 
support h and c from the weight Wy then, accord- 
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ing to the principles of the lever, the load on h 
will be 

X + y 

Here c is the fulcrum and h the point at which the 
pressure is given off, the former having a leverage y, 
the latter a leverage x + y. For simplicity, let a? + y 
-= 7, as ? will be generally put for the span or clear dis- 
tance between the points of support in aU kinds of 
structures, then the load on h 

=z W X ^ 

and by a similar mode of reasoning the load oneiB found 
to be 

:=i W x± 
p 

hence the loads on the points of support are inversely 
as the distances of the supports from the weight W. 

Next let the strains on a h, a c ho determined. 

On the vertical line a W, and with any convenient 
scale of equal parts, mark off from a a distance a /, 
representing the intensity of the weight 7F", and from the 
point /draw the lines /<?, /^, intersecting a h and a cin 
the points d and e, then, according to the doctrine of the 
parallelogram of forces, the strains will be represented 
on the scale of equal parts by the lengths a d and a «, 
a d being the strain on a h, and a e the strain on a c. 

aefd being a parallelogram the opposite sides are 
equal (Euc. Bk. 1, prop. 34), hence 

d f =1 a e 

but the sums of the strains caused by the weight W 

=zad+ae=:ad'\'df 
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Thus it is seen that the sum of the strains produced 
by the weight W "will be represented by the two sides 
a d, (?/of the triangle dfa, but, because any two sides 
of a triangle are, together, greater than the third side 
(Euc. Bk. 1, prop. 20), ad, df&re, together, greatei 
than a f. But a f is equal to W, hence the sum of the 
strains due to the weight W are, together, greater than 
the intensity of such weight. 

Let, in the present case, the points of support b and c 
be in the same horizontal plane, and let h = the 
height of the point a above such plane, the same 
scale of equal parts being used for measurement, 
throughout. 

From the points d and e let fall the perpendiculars 
d ff, ehj upon af, then ag and a h will represent thepro-^ 
portions of the weight borne by the points of support h 
and c respectively. 

But the triangles a d g, a Jc e are similar to the 
triangles a j h, a j e, therefore, by the principles of 
similar triangles, 



and 



a d _ 


a I 


__ 


a h 


a g 


<^3 




h 


ah 


a c 




a e 



a e a J 



But a d has been shown to be equal to the strain on a 5, 
due to the weight W, and a g z=zto the proportion of such 
weight carried through the bar a b on to the point of 
support bj and by previous reasoning this proportion was 
shown to be 
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hence, i£ 8 =. the strain on a h, we hare 



and 



IFf/ _ 



I 



= aff 



therefore, replacing the letters by these values, we find, 

ad 8 ah 



a g 



I 



Let ah z=: Zj the length of the bar under consideration, 

then 

8.1 __ Z 

^ ~ h 
wherefore 



^ _JF.y.Z 



Fig. 3. 



I h 

This is one of the fundamental formulse for inclined 
bars of every kind under direct strain; hence it is 
necessary to set it very clearly forth, so that it may 
always be recalled to mind by a diagram, which is very 
easy to be remembered. 

In Fig. 3 let a J represent an element of framework 
inclined to the horizon, the 
position of its extremities being 
determined by the form of 
such framework, and let it be 
required to support a load 
or proportionate part of some 

load), 

= w 

it is required to find the A 

strain on a h due to the load 

to. From the point a draw the 

vertical line a c, and firom the point h draw the 
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horizontal line b (?, intersecting the line a e in the 
point df then 

IP = — ^ 

I 

ab=zZ 
a e =: h 

and the strain will therefore be 

to , L 



iS = 



h 

from which is stated the rule for determining the strain 
on trussing due to a weight. 

The Btrain on the bar is equal to the load carried by it, multi- 
plied by the length of the bar and divided by the vertical height 
of its summit above its base. 

It does not, however, always happen that the load or 
force producing the strain acts in a vertical direction, 
hence it is necessary to have a general law applicable to 
all cases, and having regard to the direction of the force 
relatively to that of the bar upon which it brings a stredn. 

Let the force w act upon a bm any direction a Cy and 
from the point b let fall the perpendicular b e upon a e, 
then a eia the perpendicular distance between the point 
at which the force acts (a) and the abutment or point to 
which the force has to be transmitted (5). The for- 
mula remains the same as before, but the general rule 
will be, calling a e for brevity the ** perpendicular dis- 
tance" to the bar a 5, as follows : — 

The strain on the bar is equal to the force acting on it, multiplied 
by the length of the bar and divided by its " perpendicular distance." 

This may be accepted as the imiversal rule by means 
of which the strain on any bar produced by a force 
acting at an angle to it may be determined, when the 
intensity of the force and the directions of the force and 
bar are known. 
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There is, however, one special case which requires 
separate consideration ; it is that in which the force is 
acting at rt^ht angles to the element, the strain upon 
which is required to be determined. 

In Fig. 4 let « 5 be a horizontal bar forming part of 
a frame or truss, its duty being to fix the position 
of the upper end a of an in- 
clined bar, shown by the dotted •^' ' 
lines a e, and which inclined p «- 



\c 



© 



bar has to transmit a load or ^ 
force, iVy from the point, a, of its 
action to the pier c. It is 
required to determine the 
amount of strain upon the bar 
a h. This case will always apply 
where the bar receiving the 
strain is at right angles to the 
direction of the strain; and it may be here observed 
that the bar does not carry any loady but merely pre- 
serves the angular position of a Cy hence the strain on 
a h will be ruled by the position oi a em relation to it 
and to the direction of the strain. Draw a d in the 
direction of the strain and draw from e the line e d 
parallel to ahy and therefore at right angles to a <?, then 
e d will be the " horizontal distance," referred to in the 
descnption of Fig. 1. To find the strain on ah the rule 
is as follows : — 

Rule (2). To find the Btrain on the horizontal bar (or bar at light 
angles to the direction of the force), multiply the weight or 
load by the '* horizontal distance" in feet, and divide the 
product by the '* perpendicular distance" in feet, the quotient 
will be the strain (in pounds or tons as the weight is taken in 
pounds or tons). 
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The perpendicular distance (as in Fig. 1) is the mea- 
surement of a d. 

Example : — Let ttie weight or load be 4,000 lbs., the 
"horizontal distance" 4 feet, and the "perpendicular 
distance " 8 feet :— 

4000 lbs.' weight or load, 
4 f t . " horizontaldistance, ' ' 



Perpendicular distance -8)1 6000 



2000 lbs., strain on the hori- 
" zontal bar. 

Let the weight or load be 15 tons, the " horizontal 
distance" 6 feet, and the "perpendicular distance" 

12-6 feet : 

15 tons weight or load, 
5 feet ** horizontal 
> distance," 

Perpendicular distance- 12*5) 75-0 (6 tons' strain on 

75*0 horizontal bar. 

We will now proceed with the demonstration of this 
second or special rule. 



Fiff. 5. 



In Fig. 5 let a weight or 
force, TT, be sustained by an ^| 
inclined bar, a 5, the extremity " 
being retained in position by 
another element a Cy which is 
at right angles to the direction 
a By of the force. Proceed- 
ing as in the general case 
for a i, from h draw 5 e? at 
right angles to a e, and from 
the point d draw d f parallel to a J, then in the 
parallelogram of forces a h df^ the side aforhd will 
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represent the strain on the bar a e; if the diagonal a dia 
taken as equal to the load or force, 7F, put 

a d z= h =: ** perpendicular distance " = P 
h d = base of triangle = B 

then it is evident that the strain is found from the 
formula, 

^-— P- 

Thus the special or mppUmentary rule to find the strain 
produced by any given force upon the element at right 
angles to its direction will be as follows : — 

The strain on the bar is equal to the force multiplied by the 
length of the perpendicular drawn from the foot of the inclined 
bar to the direction of the force, and divided by the " perpendicular 
distance " of the inclined bar. 

These two general rules, or rather, we would say, the 
general law and its stipplementy furnish all that is required 
for the resolution of the strains on elements of structures 
of every description when the intensities and directions 
of the forces producing such strains are known ; hence 
the importance of becoming thoroughly conversant with 
them cannot be over-estimated in considering what is 
necessary and what is superfluous to the education of 
those who may be called upon to design structures in 
which trussing is used. 

The fundamental principles being seen, elaborate 
theories, which at first sight would, without this primary 
knowledge, be perplexing, become simple and easy ; and, 
moreover, the courses taken by the strains in their pas- 
sage from the point of application of the load to the 
foundations of the structure are more readily perceived. 

The direct force acting on any bar wiU necessarily 
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Fig.Q. 



produce either tension or compression ; in the former 
case the bar acts as a tie, in the latter as a strut ; we 
must, therefore, proceed to consider the circumstances 
which determine the nature of a strain — that is, whether 
it will be tensile or compressive. 

In Fig. 6 let a 5 represent a bar upon which a force 
is acting towa/rds the abutment or point of support b, then 
the strain on a b will be a compressive strain, and a b 
will act as a strut. 

Let e d represent a bar on 
which a force acts in the direc- 
tion of the arrow at c, then the 
strain on e d will be in tension, 
and e d will act as a tie. 

Let ef, tf y be two rafters sup- 
ported on abutments / and y, 
and meeting at the point e. If 
a force act at e downwards, as 
shown by the arrow A, the 
rafters e f^ e g wiU be in com- 
pression, but if the force act upwards, as shown by the 
arrow «, they will be in tension ; in the former case they 
will do duty as struts^ in the latter as ties. 

For general guidance the following five rules may be 
laid down in order to prevent any confusion of ideas on 
this very important subject : — 

Rules. 

1. If a force act on a bar in a direction towards the point of 
support of the har, the strain on the har will be compressive, and 
the bar will be a strat. 

2. If a force act on a bar in a direction away from the point of 
support of the bar, the strain on the bar will be tensile, and the bar 
will be a tie. 

3. If a force is sustained by two bars, and acta l^oit^^^Ti \2ci^tsi 
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and towards their points of support, those barsi act as struts and 
are in compression, 

4. If a force is sustained by two bars, and its direction is from 
the points of support, but between the lines formed by producing 
the bars (as e k and/ 1, Fig. 6), the strains are tensile, and the bars 
are ties. 

6. If a force is sustained by two bars, and its direction lies 
between one bar and the prolongation of the other (as between /^ 
and e k, Fig. 6), one bar will be in tension, the other in compres- 
sion, that bar being in compression towards the point of support of 
which the force is acting, and the other bar being in tension. 

If these rules be once thoroughly considered and under- 
stood, there canbe no subsequent difficulty in determining 
the nature of the strain on any part of a structure when 
the position of the load or force is known. 

Having given criteria for determining the nature of 
strains, and also the general and special rules for finding 
their intensities when produced by forces inclined to the 
elements which sustain them, we will now pass on to 
consider the results of loads producing transverse strain. 

Those elements which are subject to transverse strain 
may be classed under two heads : — 

1st. Cantilevers, which are supported at one end. 

2nd. Beams or girders, which are suppor^^d at both 
ends. 

Let A Bj Fig. 7, represent a p- 7 

side view of a cantilever fixed ^ , 

at ^ to a wall or pier, the end 
view or cross section of this I 






cantilever being shown at C, | 

It consists of two flanges, e and ,^^^^ 

/, united by a central web, y, "^ 



A 



this being the ordinary section 

of flanged girders and canti- cs^JL^sa f 
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leyers. Let it be required to determine the strain on 
either flange at any point, (?, the distance of which from 
the end A being known, as also the depth of the section. 
The strain on the top flange will be tensile, that on the 
bottom compressive. 

First And the strain due to a weight suspended &om 
the end A of the cantilever. 

BuLE (3). The strain is equal to the weight at the end of the 
cantilever multiplied by the distance of the point at which 
the strain is required, from the end of the cantilever in feet, 
and divided by the depth of cantilever in feet. The strain 
will be in terms of the same name as the weight. 

Example: — ^Let the weight be 5 tons, the depth of 
the cantilever 1 foot 6 inches, and the distance of the 
point at which the strain is required &om the irQQ end 
11 feet :— 

1 1 feet distance of point of strain, 
5 tons' weight, 



cantilever } " 1*^)^^*^C 36-66 tons' strain on either flange. 

45 

100 
90 

10 

This will be tensile on the top flange and compressive 
on the bottom. 

The geatest strain upon the flanges will be at the end 
B of the cantilever, which is at a distance from the free 
end equal to the length of the cantilever. Let the 
length of the cantilever be 18 feet, the other quan- 
tities remaining as before, then the maximum strains 
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on the flanges at the point of support will be thus 

found : — 

18 feet distance of point of strain, 
5 tons' weight 

Depth of { _ 1.5) 90-0 ( 60 tons' strain on either flange, 
cantilever J ^ ^ ° 

90 
•0 



Next, let the strain be due to a weight or load 
uniformly distributed along the whole length of the 
cantilever, then we have 

EiTLE (4). The strain is equal to the weight per foot multiplied by 
the square of the distance of the point of strain in feet £rom 
the free end of the cantilever, and divided by twice the depth 
of cantilever in feet. The strain will be in teims of the same 
name as the weight. 

Let the distance of the point at which the strain is 

required from the free end of the cantilever be 7 feet, 

the depth of the cantilever 1 foot 3 inches, and the load 

1,500 lbs. per lineal foot of length of cantilever : — 

7 feet distance of point 
of strain, 

7 ditto ditto 



49 square of distance of 
point of strain, 

1500 lbs.' weight per foot. 
Depth of cantilever - 1-25 24500 



2 49 



2-5 ) 73500-0 ( 29400 lbs. strain 
50 on either flange. 

235 
225 

100 
100 

00 



TO BT7JLDIN0 STBUOTTTBES. 



81 



As in the last case, the maximum strain occurs at that 
point where the distance is equal to the whole length of 
the girder, which occurs at the point of support. 

It sometimes happens that a cantilever has to carry 
both descriptions of load at once — ^that is, both a load 
at the free extremity and a load imiformly distributed 
oyer its entire length. In this case, calculate the 
streuns produced by each load separately, and add them 
together for the total strain on the flange. 

The demonstration of the rules given above is as 
follows :— 



Fig, 8. 



^1 



! ^ 



jv jn^SiA-' 



ni^ oc — 



-I > 



n 



Let A £, Fig. 8, represent a cantilever fixed at the 
end J? in a wall, and free at the other end, and sup- 
porting at its free end a 
weight TT. Let I = total 
length of cantilever from its 
free end to its point of fix- 
ture, and d = depth of canti- 
lever. It is required to find 
the strain at any point, w, in 
(say) the top flange^ distant ^| 
X from the point A. ^ 

We may regard the part of 
the cantilever -4 w n as a bent 
lever in equilihrio, m being the fulcrum, the weight 
acting at the extremity A of the arm A rriy and the re- 
sistance of the flange acting at the end n of the arm 
n m. That equilibrium may be maintained the resist- 
ance of the flange must be equal to the strain to which 
it is subjected ; hence let 8 = this strain, then, by the 
principles of the lever, 

8 X mn = W X Am 
but| 

mn ss d and A m sr x 



r 



© 
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wherefore, 


•• * -^ 




8.d=i Wx 


and 






8 = ^,' 



d 

By putting whicli equation into words is obtained the 
practical rule (as above) following : — 

Rule. The strain is equal to the weight at the end of the canti- 
lever multiplied by the distance of the point at which the 
strain is required from the end of the cantilever in feet, and 
divided by tiie depth of the cantilever in feet. 

To ascertain the formula for the maximum strain, 
make the distance of the point of strain equal to the 
length of the cantilever, then 

wherefore, replacing x in the above equation, 

There is no strain at the free end A, for if a; = o, 

W 
8 :=z— xo=iO 

Next, let C D (Fig. 8) illustrate a cantilever loaded 
with a weight uniformly distributed over its length. 
It is required to find the strain on (say) the top flange 
at the point n, distant x from the free end C. 

Let I = length of cantilever 
d = depth of „ 
w = load per lineal unit. 

The weight acting to produce a strain at n will be that 
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lying between n and C, the total weight of which evi- 
denily is 

but this may be considered as collected at its centre of 
gravity, which is situated midway between m and C; 
hence, regarding C m n bls a bent lever, we have the 
weight to X acting in the centre of the arm C m, pro- 
ducing a strain at the end of the arm m n on the flange 
at ftj hence, by the laws of the lever, calling 8 = strain 
on flange. 



but, 



wherefore, 



Cm a . 
iVX X — ::— =1 S X mn 



Cm =: X and mn zz d 



S.d =z 



w x^ 



and 



^ iff m^ 



2d 
from which formula is obtained the practical rule : — 

EuLE. The strain is equal to the weight per foot multipliod by 
the square of the distance of the point of strain in feet from 
the free end of the cantilever, and divided by twice the depth 
of cantilever in feet. 

For the maximum strain at [the point of support, 
putting a? = 7, we have 

8 =. -— - 
2d 

The next cases of transverse strain to be dealt with 

0^ 
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Fig. 9. 



(2. 



D 



are those referring to beams supported at both ends and 
loaded between the points of support. 

There will be three cases for consideration, as 
follows : — 

1st. A beam loaded in the 
centre of its span, as at 
AB. 

2nd. A beam loaded at a 
point not central, as at C B. 

3rd. A beam having the 
load uniformly distributed '^ 
over its length, as at ^ jP. 

In the first and third cases ^ 
the maximum strain on either 
flange is at the centre of the 
span, but in the second it is immediately under the 
load, wherever that may be. We shall deal with the 
first case first. 

KtJLE (5). To find the strain on either flange at the centre multiply 
the weight by the span (or distance between points of sup- 
port), and divide the product by four times the depth of the 
beam. The strain will be in terms of the same name as the 
weight. 

Example : — Let the weight be 7*5 tons, the span of 
the beam 12 feet, and its depth 1 foot 3 inches. 



^ 



Depth of beam - 1*25 

4 



7-5 tons weight, 
12 feet span. 



) 90- 



18 tons' strain on either 
' flange at centre. 

To determine the strain at any other point than tho 
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centre on either flange, we must proceed as fol- 
lows : — 

HuLE (6). To find the strain on either flange at any point, due to 
a central load, multiply the load by the distance of such point 
from the nearest pier or point of support, and divide by twice 
the depth of the beam. The strain will be in terms of the same 
name as the weight. 

Betaining the notations of the last case, let it be 
required to determine the strain at a distance of 4 feet 
from one of the piers. 

Depth of beam - 1*25 7* 6 tons, 

2 4 ft. distance of point, 

2-5 )30-0( 12 tons' strain on 
25 either flange. 

"^ 
50 



Beams supported at each end and loaded between the 
points of support, have their top flanges in compression 
and their lower flanges in tension^ t^s being just the 
reverse of what is observed in the case of a cantilever 
flxed at one end and free at the other. 

Proceeding to the second case, it is required to deter- 
mine the strain on either flange at a point immediately 
under the weight or load W, 

HvLE (7). To find the strain on either flange under the load, mul- 
tiply the load by its distance in feet from the farthest pier 
((7), multiply the product by its distance in feet from the 
nearest pier, and divide this product by the span of the beam 
in feet and by its depth in feet. The strain will be in terms of 
the same name as the load. 

Example: — ^Let the span of the beam be 10 feet, its 
depth 1 foot 6 inches, the load 4 tons, and let the load 
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be placed 3 feet £rom the nearest point of support, then 
will it be 7 feet from the farthest pier. 

4 tons' load 

7 feet distance from pier C^ 



Span of beam- 10 28 

Depth of beam 1 '5 3 feet distance from 2), 

15 )84( 5 & tons' strain on either 
75 flange. 



It is next required to find in this second case the 
strain at any point not immediately under the load, such 
asat (?. 

BuLE (8). To find the strain at any point on either flange, such 
point lying between the weight and one pier, multiply the 
weight by its distance from the other pier in feet, multiply the 
product by the distance of the point of strain in feet from that 
pier which is on the opposite side of it to that occupied by 
the weight, and divide this product by the span of the beam in 
feet and by its depth in feet. The strain wiU be in terms of the 
same name as the load. 

Example: — Betaining the notations above, let the 
strain be required at a point distant 4 feet from the pier 
farthest from the weight. 

4 tons' weight, 

3 feet distance from pier. 

Span of beam- - 10 12 [opposite pier, 

Depth of beam - 1*5 4 feet distance of point from 

15 )48( 3^ tons' strain on either 
4$ flange. 
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In the third case the load is uniformly distributed 
over th%.girder or beam JE F. To find the strain in the 
centre we have 

HxTLE (9). To find the stram on either flange at the centre, mul- 
tiply the total load on the beam by the span of beam in feet, 
and divide the product by eight times the depth of the beam 
in feet. The sixain will be in terms of the same name as the 
load. 

Example : — Let the span of the beam be 50 feet, the 
total distributed load 75 tons, and the depth of the beam 
4 feet. 

Depth of beam - 4 75 tons total load, 

8 50 feet span of beam, 

32 )3750( 117 A tons' strain on 
32 either flange at centre. 

32 



230 
224 



Now let it be required to determine the strain under 
an uniformly distributed load at any other point. 

BvLE (10). To find the strain on either flange at any point, mul- 
tiply the span of the girder in feet by the distance in feet of 
the nearest point of support ; from the product subtract the 
square of the distance in feet of the nearest support, and mul- 
tiply the remainder by the load per foot, and divide by twice 
the depth of the beam in feet. The strain will be in terms of 
the same name as the load. 

With the previous notations, let it be required to 
determine the strain on either flange at a point distant 
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13 fiset horn the nesreet pier. As the total load is 
75 tons, and this load is unifininlj distribnted oyer a 
distance of 50 feet span, it foUows that the load per 
lineal foot will be 1*5 tons; from this we can obtain the 
reqniied strain. 

12 ft. distance of nearest pier, 50 span, 

12 ft. „ „ „ 12 feet distance of 



144 


square of dist. „ 


19 


600 
144 i 

456 
1-5 


[nearest pier, 

square of dist. of 
[nearest pier, 

tons* load per ft., 




Depth of beam 


* 4 

2 

8 


2280 
456 






)6840 





85*5 tons' strain on 
— — either flange. 

If a girder supported at both ends, subject to two or 
more loads diflterently arranged, let the effect of each 
load on any point at which the strain is required be 
separately determined, and then those effects added 
together to find the total strain on the flange ; then the 
foregoing rules will serve to solve any case that may 
arise. These practical rules, however, we must now 
proceed to demonstrate. 

In the first case we have a beam loaded in the centre 
with a weight TT. Let, in all three cases, I =2 span and 
d = depth of beam, and S = the strain on the 
flange. 

Because IF, the weight, is situated at equal dis- 
tances between the points of support A and JB^ each 
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pier will sustain one-half of the weight ; but as action 
and reaction must be equal and opposite, in order to 
satisfy the condftion of equilibrium, each pier must 
react upwards in the direction 
of the arrow, with a force 
equal to the pressure upon 
it, hence the reaction of the 
pier wiU be 

= E 
2 



B 



Fig, 10. 
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Let the strain be required 

on the flange at the point n, 

distant x from the pier A^ then, regarding A m' v! as a 

bent lever, we find the reaction at the end of the arm 

A ml exerting a strain at the end n of the arm m n 

hence 



but, 



wherefore^ 



S X m! n' z=: — X Am' 



m' n ^ d and Amf =: x 



«.(? = 



TTx 



and 



« = 



JFx 
2d 



whence is derived the practical rule, thus :— 

BxTLE. To find the strain on either flange at any point due to the 
central load, multiply the load by the distance of such point 
from the nearest pier or point of support, and divido by twice 
the depth of the beam. 
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In order to ascertain the strain at the centre of 
the span on either flange from the above formula, 
make 

then we find 

Wl 



8 = 



4 d 

giving the following rule : — 

RxTLE. To find the stram on either flange at the centre, multiply 
weight by the span (or distance between points of sapport), 
and divide the product by four times the depth of the beam. 

In treating analytically the second case C i), let it be 
required to determine the strain on either flange at any 
point n' distant x from the pier (7, the weight 7F being 
distant y from the pier J). The reaction of the pier C 
must first be determined ; it will be equal to the weight 
upon it. Regarding C J) aaa, lever on which the force 
is applied at W, the fulcrum being at 2>, the weight on 
C^wiUbe 

and this will represent the amount of reaction which, 
acting at the extremiiy C of the imaginary bent lever 
C m' n\ produces a strain at n on the flange ; we have, 
therefore, 

8 X m' n' = —j^ X Cm 

but; 

w/ ri ^=. d and C vii •=> x 



wherefore, 



and 
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Whence is derived the rule : — 

BuLE. To find the strain at any point on either flange, such point 
lying between the weight and one pier, multiply the weight 
by its distance from the other pier in feet, multiply the pro- 
duct by the distance of the point of strain in feet from that 
pier which is on the opposite side of it to that occupied by the 
weight, and divide this product by the span of the beam in 
feet and by its depth in feet. 

To determine the rule for the strain directly under the 
weight, let 

a? = ? — y 

then, £rom the former equation, 

" d Id 

From equation {a) is foimd the rule : — 

Rule. To find the strain on either flange under the load, multiply 
the load by its distance in feet from the fsirthest pier, multiply 
the product by its distance in feet from the nearest pier, and 
divide this product by the span of the beam in feet and by its 
depth in feet. 

The third case, shown at ^ F(Eig. 10), is that of a 
beam imiformly loaded throughout its length. Let the 
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load be w per lineal foot, and let the strain on either 
flange be required at a point distant x from one of the 
piers a. The whole weight on the beam is evidently 
equal to the weight per foot multiplied by the span of 
the beam, or 

= iff . I 

and, as this is symmetrically disposed, it will be borne 
equally by the two piers U and F; hence the reaction 
of either pier will be 

w . I , 

2 

The load between n and the end JE of the beam is 

= «7 X Em =z to . X 

and this may be regarded as collected at its centre 
of gravity, that is, mid- way between JE and n / hence 
this weight acts downwards (notice the direction) at the 
centre of the arm C m, producing a strain at n, 

C_m 
2 



m »n 
but 

C m ^z X and m . n = ef 

hence the above 

w a^ 

"" "2T 

Again, the reaction of the pier acts upwards at the 
end ^ of the arm JE! m, producing a strain at ttf 

w I Cm 

= -IT- X 

2 m , n 

^^ wl X 
Td 
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but as these two forces act in opposite directions, one 
must be deducted from the other to find the actual 
strain at n, then 

to I X w x^ 



8 = 



2d 2d 

w 



- 2d 1^*-*'} 

Putting this equation into words, we have 

Rule. To find the strain on either flange at any point, multiply 
the span of the girder in feet "by the distance in feet of the 
nearest point of support ; from the product subtract the square 
of the distance in feet of the nearest support, and multiply the 
remainder by the load per foot, and divide by twice the depth 
of the beam in feet. 

For the formula for the strain at the centre, maJke 

a; = -— . , then 

" 4:d Sd '^ Sd 

but to I = the total load distributed over the girder; let 
this be called = JF, then 



8=z 



8 d 



Prom this formula is derived the practical rule for 
determining the strain at the centre of either flange, 
which is as follows : — 

Rule. To find the strain on either flange at the centre, multiply 
the total load on the beam by the span of beam in feet, and 
divide the product by eight times the depth of the beam 
in feet. 

This completes the demonstration of the rules for 
determining the strains upon the flanges of flanged 
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cantilevers and beams of the section generally shown at 
C in Fig. 7 ; but hitherto we have not taken into consi- 
deration the duty which devolves upon the central part 
or web connecting the flanges. 

Q-enerally, it may be assumed in flanged beams that 
the web sustains the weight of the load, the flanges 
serving to keep the web extended, for which reason 
they have by some been termed " booms." The strain 
on the web will be simply a shearing strain acting 
vertically, and the amount of this strain wiU in the 
foregoing cases be evidently found by the following 
rules: — 

Rule (11). The shearing strain on the web of a cantilever sup- 
porting a weight at its extremity wiU throughout be equal to 
the amount of weight so supported. 

Rule (12). The shearing strain on the web of a cantilever carry- 
ing a uniformly distributed weight wiU at any point be found 
by multiplying the weight per foot lineal by the distance of 
such point from the free end of the cantilever in feet. 

Example : — The shearing strain is required to be 
found at a point distant 7 feet from the free end of a 
cantilever carrying 1,200 lbs. per lineal foot : — 

1200 lbs.' load per lineal foot, 

7 feet distance of point of strain, 

8400 lbs.' shearing force required. 

EuLE (13). In the web of a beam supported at both ends and 
loaded in the centre, the shearing force is throughout equal to 
one-half of the central load. 

Hule (14). In the web of a beam supported at both ends and 
loaded uniformly, the shearing strain at any point is found by 
multiplying the load per foot by the distance of such point in 
feet from the centre of the span. 
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Example : — Eequired the shearing strain of the web 
of a beam carrying 1-5 tons per foot at a distance of 
8 feet from the centre of the span . — 

1*5 tons' load per lineal foot, 
^ 8 feet distance of point of strain. 



12-0 tons' shearing force required. 

Rule (15). In the web of a beam carrying a concentrated load not 
in the centre of span, the shearing force throughout on one 
side of the load will be found by multiplying the load by its 
distance in feet from the point of support on the other side of 
the load, and dividing the product by the span of the beam in 
feet. 

Example: — Let a beam of 20 feet span support a 
weight of 4 tons at a distance of 16 feet from one point 
of support, then the shearing strain, throughout the 
16 feet of web will be thus found : — 

4 tons' load, 
4 feet distance. 



Span of beam- 20 )16'0( 0*8 tons' shearing strain. 

160 



and the strain on the remaining 4 feet of web thus :• 

4 tons' load, 
16 feet distance, 

Span of beam- 20) 64 ( 3*2 tons' shearing force. 

60 

4Q 
40 



The following rules will serve to find the resistance of 
solid rectangular bars to transverse strain : — 
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Rule (1G). To find tho resistance in pounds of a rectangular bar 
lixod at one end and loaded at the other, multiply the breadth 
in inches by tho square of the depth in inches by a con- 
stant MULTIPLIER (found by experiment), and divide by the 
length of bar in inches. 

Example : — ^Let the resistance of a bar 20 inches long, 
1*5 inches wide, and 2 inches deep, be required, the 
muUiplier for the material of which it is composed being 
8000 :— 

1*5 inches' breadth, 
4 square of depth, 

6-0 
8000 multiplier, 



l^ength of bar - 2^0 ) 4800^0-0 



2400 lbs.' resistance of bar. 



HULES. 

1. Tlio dimensions being the same, a cantilever with the weight 
distributed uniformly over it will bear twice the weight. 

2. If tho bar bo supported at both ends, and have a central load, 
it will boar four times the weight. 

3. If tho bar bo supported at both ends and uniformly loaded, it 
will boar eight times the weight. 

(Note). — The above constant would give the breaMng 
strain of the beam if made of cast-iron. 

From these rules it will be seen that the law of the 
resistance oi solidhoxs to transverse strain is as follows : — 

Law. Tho rcsistanco of a solid beam to transverse strain, the span 
and conditions of supports and load being unaltered, varies 
diroctly as the breadth of the beam and as the square of the 
depth of the beam. 

If two beams of equal size be put side by side, it is 
evident they will support twice the load that one of 
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them alone would ; but using two bars is equivalent to 
doubling the width of one, hence it is clear that th9 
strength of the har varies as its breadth, 

* 

Let A B (Fig. il) represent a solid bar supposed to 
consist of a number of layers, and a I oi0 arm of the 
assumed bent lever, referred to in previous demonstra- 
tions, in the arm h d may be found a point o at which 
the resisting eflEbrts of aU the -,. 

fibres may be supposed to be i ' 

centred, and this will always 
bear a certain relation to the B 
whole depth of the beam; 
hence, if the bar is increased 



3C: 



1^ 



by layers, shown by the dot- ;l-J-Z-?Z-Z-I-r-I-t^^^ 
ted lines (but the whole being rriiiv-v-j-;|^ri^^ 
solid J not in separate layers), h^£-:->5:-:?:^^^ 
the length to this centre of vzzrji??Z-i 

resistances will increase from 
h oUih e, varying as the deptli of the bar. Again, by 
increasing the depth of the bar, we also, in like propor- 
tion, increase the number of layers of resisting fibres ; 
hence thus also increase the strength. Thus, by in- 
creasing the depth of the bar, we increase the numher of 
resisting fibres as the depth, and increase their mean 
leverage as the depth; wherefore it is found that the 
strength of the bar varies as the square of its depth, and thus 
the accuracy of the- law is proved. There is another 
law to be mentioned in connection with rectangular 
bars ; it is this : — 

Law. All other 'things being unaltered, the strength of the bar 
varies inversely as its length. 

This is evident, for as the length of the bar varies so 
does the length of the arm a 5 of the assumed lever 



48 



THE APPLICATION OF IBON 



upon wliich tlie load acts vary, and the greater tho 
leverage of the load the less will be the amount of load 
which the bar is capable of sustaining. 

Having thus disposed of the strains upon straight 
beams, we mist now proceed to treat of the efltects of 
distributed load upon arches and chains. The intensity 
of the load wiU in both cases be determined by the 
same rules, the difference between the two being that 
the upright arch is in compression, but the inverted arch 
or chain is in tension. 

Let A By Fig. 12, repre- 
sent an arch carrying an 
uniformly distributed load 
upon the platform over it. 
A £ IB the span, and d e 
the "rise" or "versine" of 
the arch. It is required 
to find the thrust at the 
centre or crown of the arch. 

Rule (17). Multiply the load per lineal foot by the square of the 
span of the arch in feet, and divide the product by eight times 
the versine of the arch in feet. 

Example : — Let the arch be 240 feet span, its versine 

30 feet, and the load per lineal foot 5 tons : — 

240 feet span, 
240 




9600 
480 



Versine of arch 30 

8 



57600 square of span, 

5 tons' load per lineal foot, 



240 )288000( 1200 tons' thrust at crown 
240 of arcL 

480 
480 

00 



TO BUILDINa STBUOTURES. 49 

It is now requisite to determine tlie thrust at any 
other point, e, lying vertically under the point /. 

HuLE (18). To find the thrust at any other point than the crown, 
multiply the load per lineal foot hy the distance of such 
point from, the crown, square the product, and add to it the 
square of the thrust at the crown, then the square root of the 
sum will be the thrust at the point referred. 

{Note, — ^This rule will of course give the thrust at the 
abutment by taking the point at a distance of half the 
span from the crown of the arch.) 

Example : — ^Let the thrust be required in the case of 

the above arch at a distance of 40 feet from the crown 

or centre : — 

1200 tons' thrust at 
1200 [crown. 

"1440000 



5 tons' load per lineal foot, 
40 feet distance of point, 



200 
200 

40000 
1440000 square of thrust at crown, 



I )1480000(1216 tons' thrust at point (nearly). 
1 

»-J2 ) 48 
44 

241 ) 400 
241 



2426 )15900 
14556 



1344 



After what has abeady been shown in previous pages, 
the demonstration of these rules will bo comparatively 
simple. 
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Let C JD (Fig. 12) represent the outline of an arch 
having a span C D = Ij and a versine h g =z v ; let the 
load per lineal unit = w^ the thrust at centre = T^ and 
the thrust at any point distant x from the centre = S : 
— ^As the arch is uniformly loaded throughout its 
length, the actual weight or vertical reaction on each 
v^iQT will be half the total load, or 

wl 

^ "2~" 

and regarding C k g as an imaginary bent lever, this 
force will act with the leverage C X*, producing a thrust 
at the end g of the arm Zj g ; hence the thrust on the 
crown of the arch will be the same as that at the centre 
of the top flange of a flanged beam having a span equal 
to that of the arch and a depth equal to its versine, 
therefore 

r = i^ (J) 

The thrust at any point 6 is the resultant of two forces 
acting at right angles to each other, the one being the 
horizontal thrust above given, the other the vertical 
weight of the load between % and g. Let h m and h e 
represent these two forces, then, according to the paral- 
lelogram of forces, m e will be the resultant strain. But 
because ehm is a right-angled triangle (Euc, Bk. 1, 
prop. 47) — 

2 2 2 

em •=. eh + A wj 
but, 

eh ^=- w X 
and 

hm -=• , e m •= B 

8v 



henco 
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S' = (» «). + (^)" 



« = \/ <" "' + (tt) • • • '"' 

From equation (J) we have tlie rule for the strain at 
tho centre : — 

Rule. Multiply the load per lineal foot by the square of the span 
of the arch in feet, and divide the product by eight times the 
versine of the arch in feet. 

From equation {c) the rule is found for the strain at 
any other point. 

KuLB. To find the thrust at any other point than the crown, mul- 
tiply the load per lineal foot by the distance of such point 
from the crown, square the product, and add to it the square 
. of the thrust at the crown, then the square root of the sum 
will be the thrust at the point referred to. 



CHAPTEB III. 

COMBINATIONS OF ELEMENTS AND DISTIIIBTJTION OF LOADS. 

In the preceding chapter we have shown how to calcu- 
late the strains on various kinds of elements when the 
loads or forces by which such strains are caused are 
known ; in the present we intend treating of the distri- 
bution of loads due to certain combinations of elements, 
as preliminary to explaining the modes of proportioning 
complex structures according to the weights they are 
designed to sustain. In order to make clear the mode 
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of determining tlie distribution of loads, a number of 
generic cases will be taken, and dealt with seriatim. 
The rules referred to for ascertaining the strains being 
given in Chapter II., they will here be indicated by 
numbers corresponding to those in brackets following 
the word rule in the previous chapter, thus : ** Eule (2) 
To find, &c." 

Fig. 13 represents the simplest form of truss, consist- 
ing of a horizontal member a h trussed by two tension- 

Ft^. 13. 




rods a dj h df attached at their lower ends to a strut c d 
placed in the centre of the truss. 

If the load be placed at the centre, its whole weight 
will be on c d, and as half its weight will be trans- 
mitted to a and half to h, the load for each tie-rod will 
be one half the central weight. 

If the load be uniformly distributed over the distance 
a J, one half will be on a c and one half on c h, and of 
that portion on a e one half (one quarter of the whole 
load) will be sustained at the point a, and the other at 
; and in like manner one half of the load on c h will 
be supported at i, and the other at c ; hence on 
the strut c dwe have half of the loads on a c, c h, that 
is, half the whole load on the truss, and this being 
divided between the tie-bars a d, dh, gives one quarter 
the whole load to be carried by each tie-rod. 

Let the lengths he, ah = 32 feet, c d =z 4 feet, and 
3 c^= 16-5 feet, the load 600 Iba., then c d will repre- 
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seafc the "perpendicular distance" of the bar b d, 
hence the strain on the latter will be thus found by 
Eule(l):— 



The load on tie-rod is 



4)600 



150 lbs/ load, 

16-5 ft. length of bar. 



750 
900 
150 



Perpendicular distance - 4 ) 2475 



618-75 lbs.' tension on 
• [each tie-bar. 

The parts a c and c h act as horizontal members to fix 
the positions of the ends a and h of the tie-rods, hence 
the load onh d must be resolved for the direction of the 
element c h, the length of which (half 32 feet) is 
16 feet, which is also equal to the horizontal distance of 
the bar h d. The thrust on c? J is found by Eule (2) : — 

150 lbs.' load, 

16 feet ** horizontal 

900 distance." 

150 



Perpendicular distance - 4)2400 



600 lbs.' thrust on hori- 
^^==^ zontal member a J- 



If this truss were inverted so as to represent the 
main principal of a roof, and loaded to the same extent 
as here supposed, the intensity of the strains would 
remain the same as given herein, but the bars a d, dh, 
would be in compression and ah in tension ; and if the 
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truss were loaded on its straiglit member, the rod o d 
would be in tension. 

The truss shown in Fig. 14 is somewhat similar to the 
above. Let it be supposed to carry a distributed load. 

Fig. 14. 




e £ 

then the load upon the strut (? / will be equal to half 
the load between A and J, plus half the load between 
c and (?, or equal to one half the load between c and ^, 
and this load has to be sustained by the inclined bar 
/ h (Eule 1), kept in its position by the two horizontal 
elements d h and ef, both of which bear an equal strain 
(Eule 2), but the top member is in compression and the 
bottom one in tension. 

This truss is sometimes used in an inverted position 
for roof principals, and also for bridging narrow streams. 

It is evident, from what has already been shown, that 
when a structure is of symmetrical form about its centre, 
and is also similarly loaded on each side of its centre, that 
the strains are similar ; hence, in many cases, it is only 
necessary to calculate the strains for one half of the work. 

Fig. 15 illustrates a form of compound truss, of which 
a g h is called the primary truss, and a f d, d A J, 

Fig. 15. 

del 



et 




secondary trusses. The horizontal member a h ia 
divided into four equal parts by the struts at c, d, and f , 
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lience, if tihe load be uniformly distributed over it, there 
will be one quarter of the load sustained at each of the 
three struts, and one-eighth of the load direct at each 
of the points a and h. 

We will now proceed to calculate the strains. 
Let the length ah = 64 feet, and the various bars be 
of the following lengths : — 

d ff = S feet 
c f J ox eh -=. 4i feet 
f^ 9 i OT g h = 33 feet 

a d ov dh := ^2 feet 

We must commence with the secondary tniss, as a 
part of the weight carried by it is transmitted through 
the primary truss to the points of support a and h. Let 
the total load on the whole truss be 24,000 lbs., then 
the load on the strut c fov e hj will be 6,-000, and that 
for each tie-bar 

2 ) 6000 

3000 lbs.' load on a f ovfd. 



The strain due to this load on the bars af,fd, dh, hh, 
must now be found by Eule (1) : — 

3000 lbs.' load, 

16-5 feet length of bar. 

Porpendicnlar distance, 4)49500-0 

12375 lbs.' tension on each 
" tie-bar. 
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Proceeding to the primary truss, tlie load on the strut 
d g is composed of three quantities, the load acting 
simply at d, and the portions of the loads transmitted 
from c and e, through the bars / d and d h, being half of 
each of thesoitloads, hence on d g -wo have 

6000 lbs.' load at dy 
8000 lbs' ., from c, 
3000 lbs.' „ „ ^, 



12000 total load. 

From this the strains on ^ a, g h, due to the load at 
d ffy are found, half the load, or 6,000 lbs., being on 
each. 

6000 lbs.' load, 
83 ft. length of bar, 



Perpendicular distance - 8)198000 



24750 lbs.' strain on bars 
™'^™*^ ff a and g h. 



This will be the amount of strain on the parts g f and 
g h oi the bars g a and g b, but the parts fa,hh wiH, 
in addition, have the strains due to the loads on e and e^ 
hence the total strain will be 

12375 lbs. from load <?, 
24750 lbs. on „ d g, 

37125 total tension on f a or h b. 



It now remains to determine the thrust on the 
horizontal member a b; it will be the sum of 
the tiirusts brought upon it by the load on e / 
acting through a /, and on d g acting through g (i. 
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The load transmitted througli a / is 8000 lbs. ; hence^ 
by Eule (2), 

3000 lbs.' load, 

1 6 feet ' ' horizontal 

Perpendicular distance - - 4 ) 48000 [distance." 

1 2000 lbs.' thrust due to 
^==^ load on af. 



The load transmitted through ^ a is 6000 lbs., hence 

6000 lbs.' load, 
Perpendicular 32 feet " horizontal distance." 

distance- - - 8 ) 192000 

24000 lbs.' thrustdue to loadon^/, 
12000 lbs.' „ „ „ af. 



36000 lbs.' total thrust on a h. 



Frequently two inclined trusses are put together to 
form a main principal for a roof, a half principal thus 
formed is shown in Fig. 16. Ah diB e^ simple truss 
placed at an angle to 

the horizon, and at ^^^' ^^• 

the point h, meet- 
ing another similar 
truss (not shown), . 
which completes the Wi 
roof prmcipal, the 
two trusses are pre- 
vented from separating under the load by the tie-bar 
d 0, which takes the thrust at the abutments. 

From the point c. Fig. 17, draw the vertical line c g, 
and, from the point d^ the horizontal line d hy meetm.^ 




td 
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(J y at /», then e Mq the ** perpendicular distance '* of the 

inclined strut e d the strain upon the strut can now 

be calculated from Rule (1), 

and that done, the strains on 

the tie-bars can be calculated 

precisely as in the case of 

the simple horizontal truss; 

hut the strain on the strut 

must be substituted for the 

load on the same. 

There yet remains the tension on the rod d e, Fig. 16, 
or e t, Fig. 17, to be considered. In this case the whole 
weight on the rafter ^/is to be taken as load for the 
thrust at e, and this load resolved into strain on e t, as the 
horizontal member fixing the position of the inclined mem- 
ber at the point e by Eule (2). The length eiia the * * hori- 
zontal distance," and/» is the perpendicular distance. 

The foregoing cases will serve to explain the method 
of ascertaining the distribution of loads in all cases of 
trusses of the types referred to, for it matters not how 
complicated a truss may be, the method pursued in de- 
termining the loads and strains is the same, and may be 
generally stated in the following rule. 

Rule. In determining the stiains on a compound truss, always 
begin with, the smallest or leist truss, and work from that tc 
the main or primary truss. 

Fig. 18 shows the arrangement of bars in a warren 

Fiff. 18. 




i 



rrv 



JV 



0^ 



J k I 

girder, in which they form a series of equilateral or 
oquai-sided tiiangles. 
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In this case, the load being equally distributed over 
the girder, it may be considered as divided into as 
many equal parts as there are triangles in the girder ; 
in the case illustrated these will be seven in number. 
The dotted line d n indicates the centre of the span of 
the girder ; of the load at d one half passes to each pier, 
but the whole of the loads otach and m, pass to the pier 
;, the other point of support bearing the corresponding 
weights on the summits of the triangles on that side of 
the central line A n. 

In this arrangement the length of the inclined bars 
to their perpendicular distances does not vary, because 
the bars are all of one length, and the perpendicular dis- 
tance is always equal to the depth of the girder, which 
is the same throughout ; hence the ratio of the strain to 
the load will be the same throughout the girder — that 
is, the strains of the inclined bars will vary in the 
same ratio as the loads by which they are produced. 
The load at d wiU (one half of it) produce a compressive 
strain at d m, and that will produce a tensile strain on 
m c, whence the strain on c I will be compressive, and 
so forth; hence the following rule will [determine 
the nature of the strains on the bars of lattice or 
triangular girders. 

■Rule. All bars inclining downwards from the loads towards tho 
points of support are struts, and bars inclined in the opposite 
direction, or awap from the points of support towards the 
centre or point of load, are ties. 

Let the total load on the girder be 70 tons, then tho 

load on the apex of each triangle at the points a, J, r, 

&c., will be 

7 ) 70 tons' total load. 

10 tons' load on a, bj e^ &c. 
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The load on the bar d m will be 5 tons, that one I 
will be 5 tons transmitted from d in through m c, and in 
addition 10 tons, the load on c making 15 tons, and in 
like manner the loads on b and a will be 25 tons and 
35 tons. 

The load on the bars being determined, it remains 
there&om to deduce the strain caused by such load. 
We will take a case where the proportions are such as 
are found in the Warren girder. 

Let the length of the bars be 10 feet and the depth 
of the girder or perpendicular distance be 8 feet 8 inches, 
then the strain on the bar c I will be thus found by 
Eule (1) :— 

15 tons' load. 
Depth of girder, or 10 feet length of bar. 

Perpen. distance, 8*66 )150*00( 17*3 tons' strain (neaiiy). 

866 



6340 
6062 



2780 
2598 

182 



And in a similar manner the strains of the other bars 
may be determined. The general rule will be as 
follows : — 

EuLB (19). To find the strain on any lattice bar, multiply the 
load upon it by the length of such bar in feet, and diyide by 
the depth of the girder in foot. 

And if the total load on the girder be equally dis« 
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tributed, and the load on the summit of each triangle be 
given: 

BuLE (20). To find the strain on any strut and its following tie, 
multiply the load on one summit by the number of triangles 
included between the strut and the centre of the girder, and by 
the length in feet of the bar, and diyide by the depth of the 
girder. 

Example : — Let it be required to determine the strain 
on the strut c l. There are one-and-a-half triangles 
between it and the central line, I e m being one and 
m d n the half, hence the load per summit being 
10 tons : — 

10 tons' load per summit, 
1 -5 number of triangles, 

15 

10 feet length of bar. 



Depth of girder - 8*66 ) 160-00 ( 17-3 tons' strain (nearly). 

866 



6340 
6062 

2780 
2598 

182 



The strain on each strut acts as a force, producing a 
tensile strain on the bottom flange, and that on each tie 
causes compression on the top flange ; the forces thus 
produce strains on the horizontal members, increasing 
in intensity from the points of support to the centre of 
the span. For instance, a certain tension is thrown from 
the strut aj on j w, which at k is aug;m!^iL\>^ V3 *^^ 
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strain caused by tlie force on h k, and, again, it is simi- 
larly increased at tlie points I and m. 

The force being known (that is, tlie strain) on any 
strut or tie, it is necessary to ascertain the correspond- 
' ing strain on the horizontal member. 

The strain on the tie a h, Pig. 19, being known, it is 
required to find that which it jp"^^ 1 g. 

causes on a d. The strain on 
a h being taken up by the 
elements a Cj a d, a e h d, is 
the paralellogram of strains, 
hence the rule for this case 
will be as follows : — 

lluLE (21). To find the strain on the horizontal member produced 
by the tio or strut, multiply the strain on the tie or strut by 
the length of the horizontal member a d in feet, and diyide 
by the length of the tie or strut in feet. 

In the present case, as the triangles are equal sided, 
the bars are of equal length ; therefore, the strain pro- 
duced by the tie or strut is equal to that which it sus- 
tains itself, except in the case of the end strut : 

The strain on the end strut is resolved vertically on 
to the point of support, and horizontally on to the 
member/ X*, Eig. 18. Hence j k assumes the position 
of a horizontal element proper, and the strain upon it 
may be determined from Eule (2), which, for the present 
case, may be worded as follows : — 

Rule (22). To find tho strain thrown on to the horizontal member 
by tho last strut, multiply the load on the last strut by half 
the length of the base of the end triangle, and divide by tho 
depth of the girder. 

These r»ilos will solve all questions having reference 
to girders the ties and struts of which are of equal 
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length, the relative length of the bases of the triangles 
not impairing their accuracy ; but they will not apply to 
oases in which the lengths of the struts differ from those 
of the ties. 

At Fig. 20 is shown half of a lattice, or triangular 
girder, of a different form from that in the last case. It 
will be obseiTod that the inclined bars in the present 

Fig. 20. 




I 

instance are placed at an angle of 45 degrees to the 
horizontal flanges of the girder, and therefore at right 
angles to each other. 

A represents one pier or point of support, a h being 
the centre line of the whole girder. A his the bottom 
flange, and g a the top flange of the girder; mf, el, 
h d, cjy i h, and a h, are uprights, serving, as will here- 
after be shown, to distribute the loads upon the girder 
so that it may fall equally upon the two systems of 
triangulation which form the web of the girder, one of 
which systems comprises the bars ah, h c, c d, d e, efy 
fg, whilst the other consists of the bars h i, ij) J k, h I, 
hn, m A, 

The half girder is, as shown, divided by the vertical 
bars into six square bays, A g mf, fmel, lehd, dkej\ 
jcihy hiahy .hence the whole girder would contain 
twelve bays, and, as the bays are square, it follows that 
in this instance the length or span of the girder mil Vi<^ 
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twelve times its depth, the measurements being taken 
from the points of intersection of the centre lines of 
the struts and ties, which centre lines alone are shown 
in the Figure. 

Therefore when this system is adopted we have thd 
following rule : — 

EuLE. To find the number of bays in a triangular girder of the 
form shown in Fig. 20, divide the span by the depth of the 
girder, both in feet. 

Or, in other words, 

EuLE. The ratio of the span of the girder in feet to the depth of 
the girder in feet is expressed by the number of bays in the 
girder. 

Thus, for example, let there be ten bays in a girder of 
150 feet span, the depth will be found as follows : — 

Number of bays, 10 ) 150 feet span of girder, 

15 feet depth of girder. 

Again, if the span be 200 feet and the number of bays 
twelve : — 

Number of bays, 12 ) 200 feet span of girder. 

16 A, or 16 feet 8 inches depth 
of girder. 

So much for the proportions entailed by this system 
of construction. Lot us now proceed to the distribution of 
loads, and the strains thereby produced. The load being, 
as usual, supposed to be uniformly distributed along the 
entire length of the girder, the load acting at each point 
of junction of ties and struts, as at w, tf, hj &c., if the 
load be on the top of the girder, or at/, /, d, &c., if it be 
on the bottom flange will evidently be equal to the total 
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load on the whole girder divided by the number of bays 
in the girder ; hence : — 

Rule (23). To find the load in tons carried at one summit of a 
triangle, divide the total load in tons upon the girder by the 
number of bays of which the girder consists, the quotient will 
be the required load in tons. 

Example : — ^Let a girder of twelve bays be designed 
to carry a total load of 300 tons : — 

Number of bays, 12 ) 300 tons' total load 

25 tons on each summit. 



The following rule will give the result, when the load 
per lineal foot, and the distance in feet &om summit to 
summit, are given : — 

Rule (24). To find the load in tons carried at one summit, multiply 
its distance in feet from the next summit by the load in tons 
per lineal foot of the girder, the product wiQ be the required 
load in tons. 

Example. — Let the load per lineal foot on a girder 
be 2*5 tons, and the distance between two contiguous 
summits be 14 feet 3 inches : — 

14*25 feet distance between summits, 
2*5 tons' load per lineal foot, 



7125 
2850 



35*625 tons' load on each summit. 



One half of this load will be taken up at once by 
one series of triangles, and the other half will pass 
through the upright to the other series of bars. 

{Note, — ^It is desirable here to observe that the term 
'' summit " of a triangle is here used as applying to its 
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apox, whether at the top or bottom of the girder : thus e 
is the summit of triangle/^ d; also I is the summit of 
triangle mlh) 

For the sake of clearness it will be advisable to take 
two distinct cases, according to the general methods of 
loading, and a third special or supplementary case. 

Xst Case. — ^When the load, being on the top of the 
girder, comes first upon it at the points a, /, c, X*, e^ m, 

2nd Case. — ^When the load, being at the bottom of the 
girder, comes first upon it at the points A, J, y, <?, /, /. 

Zrd Case. — When the load, being between the top and 
bottom flanges, comes first upon certain intermediate 
points in the uprights a A, i 5, cj\ h d^ el, mf. 

In each case, however, let it be borne in mind that aU 
loads on the half-girder A h are being transmitted 
through the inclined bars towards and ultimately on to 
the pier A, except the central load on the line A A, one 
half of which goes to the pier A, the other passing to 
the other point of support, not shown in the diagram. 

Ist Case. — ^Let the girder consist of twelve bays, and 
be 200 feet span, the total load upon such girder being 
250 tons, carried on the top flange, then the load on 
each summit m, e, ky &c., is found by Eule (23). 

Number of bays, 12 )250 tons' total load on girder, 

20-83 tons' load on each summit 



As the terminal decimal is current, wo will call the 
total load on each summit 20*84 tons, except the endy, 
whore the girder terminates, and on which the load is 
one half of this, or 10*42 tons. Before proceeding 
farther, it is desirable to test our calculations, by show- 
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ing that tlie loads thus distributed will in the aggregate 
make up the total load on the girder with which we 
started at the commencement. On the centre point a 
we have the load 20*84 tons, and a like load on each of 
the j&ve points m, e, ^, e, «, and on the j&ve corresponding 
points in the other half of the girder — thus we have the 
load 20 '84 tons on eleven points situated over the 
summits between the piers. Then over the pier A there 
is a load of 10*42 tons, and a similar load over the pier 
on which the other end of the girder rests. The sum 
of the weights on the eleven intermediate summits 
will be — 

20-84 tons per summit, 
11 summits, 



229-24 tons on eleven intermediate summits 



The sum of the loads over the two piers — ^ 
10*42 tons over each pier, 
2 piers. 

20*84 tons on standards on piers. 

Making the gross load on the girder — 
229*24 tons on intermediate summits, 
20*84 tons on end standards, 

250*08 total load on girder. 

The amount given was 250 tons ; the *08 tons' excess 
is due to replacing the current decimal -3 by the final 
decimal '4; the error here is practically nothing, 
amounting as it does to only 179*2 lbs. in 250 tons. 

The uprights mf, e ly &c., it must be remembered, 
Berve only to distribute the load ; they are not designed 



68 THE APPUOATION OF UlON 

to take up any strain £rom the inclined baxB ; in fiie 
present case the load on each intermediate sunuoit 
Mf e, hf &c., is 20*84 tons, of which one half is imme- 
diately taken up by the struts at those points, whilst 
the other half is transmitted through the uprights to the 
lower summits/, /, (?, &c., to be taken up by the ties at 
these points, thus exerting a compressive strain upon 
the uprights equal to half the summit-load, or 

2 )20'84 tons* summit-load, 

10*42 tons' strain on each upright. 

The end uprights have, however, also to carry a strain 
thrown upon them by the end ties, but this is a matter 
of after consideration. 

To ascertain the actual load producing strain on a 
strut or tie at any point, it is evident we must take one 
half of the sunmiit-load at that point, as one half is thus 
showj;^ to be taken up by each series of triangles, but at 
the centre only one half of the summit-load is taken in 
the first instance, as only one half of it passes to the pier 
A, hence at that point one quarter of the summit-load 
must be taken as exerting strain upon either ah or A i. 

It is well to make clear why the load is taken at the 
top by the struts and at the bottom by the ties, in case 
any mistake might arise on this point. 

Wherever a load is taken up by an inclined bar to be 
transmitted to the pier ^, it is evident that the bar must 
incline from the point at which the load is applied 
towards that at which it is to be given off; but the bars 
ij, &c., incline from the top flange towards the pier, 
and the bars h c incline from the bottom towards the 
pier, and from our rules already given the bars a J, ij) 
&c., must be struts, whilst the bars h f, h c, must be 
ties. 
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The foregoing remarks being thoroughly understood 
and carefully borne in mind, the summation of the loads 
to arrive at the load on any particular bar will be ex- 
ceedingly simple, being merely a matter of diligence 
and observation ; but one or two examples may perhaps 
be with advantage here introduced, therefore we wiU 
select two, — one having reference to a strut, the other to 
a tie. 

In the first place let it be required to determine the 
load to be carried by the strut h I. The load on k I 
consists of that due to its proportion of the summit-load 
at kf added to the load brought upon it by the tiej k, 
but the load onj h is due to the proportion of summit- 
load thrown upon it from c through cj and the load 
brought to it by strut i j, and the load on ij is due to 
its share of the summit-load at i added to the load 
brought to it by the tie h ♦, the load on h i being its 
share of the summit load at a transmitted through the 
upright. Now each proportion or *' share " of summit- 
load taken up has been shown to be equal to one half 
the summit-load, except for the centre bars, where the 
share is one-quarter of the summit-load, hence in the 
present case the strut h I has three half summit-loads 
(at hf c and i) to carry and one quarter summit-load 
(at »), hence the total load carried hj hi will be — 

10-42 tons' summit-load, 
3 



31-26 
5-21 tons' quarter summit-load, 

36-47 tons' total load on strut h L 



Let it now be required to determine the load carried 
by the last tie/ ^. Proceeding in the same manner wo 
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find it lias to carry five haK summit-loads and one 
quarter summit-load, hence the total load carried by 
this bar will be 

10*42 tons' half summit-load, 
5 



52-10 
5*21 tons' quarter summit-load, 

57*31 tons' total load on tie/^. 

But as a like load is borne by the strut m -4, and the 
two together bring half the total load, minus twice the 
load carried at the summit g (which has been shown to 
be half a summit-load), on the whole girder to the pier 
A, it follows that four times the total load, transmitted 
through the bar / ^, added to twice the load at g, 
should be equal to the total load on the whole girder ; 
let us ascertain if such be the case : — 

57*31 tons' total load on Hefg, 
4 



229-24 
20*84 tons' twice load at ^, 



250*08 tons' total load, 

which shows our calculations to be accurate (the 'OB 
excess having been already accounted for in replacing 
•3 by '4 terminal). 

The load carried by any tie or strut having been 
ascertained, the intensity of the strain produced by it 
is determined in the usual way by Rule (1), which, 
worded to suit the particular case, becomes as fot 
lows : — 
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UuLE. To find the strain in tons on any tie or strut, multiply the 
load on such tie or strut by its length in feet, and divide the 
product by the depth of the girder in feet ; the quotient will 
be the required strain. 

Any tie or strut is, however, equal to the diagonal 
of a square, of which the depth of the girder is equal 
to the side, therefore the length of a tie or strut in feet 
divided by the depth of the girder in feet, is equal to 
1*414, the rule may, therefore, be simplified thus : — 

Rule. To find the strain in tons on any tie or strut multiply the 
load in tons by 1*414. 

It has been shown above that the load on the strut h I 
is equal to 36*47 tons, let it be required to find the strain 
on the same:--- 

36*47 tons' load on strut Jc I, 
1*414 



14588 
3647 
14588 
3647 

51*56858 tons' strain (compression) 
'^==^ on strut k I, 

In order to ascertain the strain brought upon the 
top or bottom flange at any point by any particular tie 
or strut, the strain on such tie or strut is taken as the 
force acting on the flange, and Rule (1) applied. 

Let it be required to find the strain produced upon 
the bottom flange by the strut k h It is evident that 
I j will be the virtual length of the bar imder strain, to 
which h I will be the perpendicular distance, but the 
relation of I j to its perpendiculai distance is the same 
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as that of A; ^ to its perpendicular distance, hence we 
have the rule. 

BuLE. To find the strain thrown upon either flange by any strut 
or tie in tons, multiply the strain on such strut or tie by 1*414. 

But if the strain on the bar Ij is required, the had 
on the strut or tie being given, the following rule will 
suffice : — 

Bulb. To find the strain thrown upon either flange by any par- 
ticular strut or tie in tons, multiply the load in tons on such 
strut or tie by 2. 

This rule, however, does not apply to the end struts 
and ties, where the members ff m and ^ / act as true 
horizontal bars; the question is, therefore, solved by 
Eule (2), whence we derive the following: — 

HuLE. The strain thrown upon the top or bottom flange of the 
girder by any end strut or tie is equal to the load upon such 
strut or tie. * 

We will now proceed to the second and third cases. 

2nd Case, — When the load is at the bottom of the 
girder. In this instance the intensities of tho strains 
are precisely the same as in the let Case, but tho uprights 
m fy e I, &c., etre in tension instead of compression. 

Srd Case, — ^When the load is between the top and 
bottom flanges. In this case the only alteration ^m 
the foregoing is that the portions of the uprights ahove 
the load are in tension, and those portions heloto the load 
are in compression. The intensity of the strains remains 
tho same throughout. 

Before passing from, the class of combinations of 
elements known as lattice girders, it is desirable to give 
some general rules applicable to all descriptions of such 
structures, first giving them for a central load, and fhea 
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Fig. 21. 
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for an mnformly distributed load. The rules (<?, ^, e\ 
however, "vnll be given for a single series of triangles, 
hence if there be more than one series the resulting 
strains must be divided by the number of series of 
triangles, for it is evident that the number of series of 
triangles may practically be regarded as derived from a 
primary series by the splitting up, as it were, of the 
large lattice-bars into a number of smaller ones. 

Fig. 21 will serve to elucidate the idea here intended 
to be expressed ; it represents a portion of the end of a 
lattice girder. Suppose, in the first instance, it is pro- 
posed to have only one series of triangles, then that 
series will be represented 
by the broad lines -4, B^ 
Cj i), but if it be deter- 
mined to have six series of 
triaDgulations, then may 
the large bar A B "hQ 
regarded as split into six 

smaller ones, occupying the positions A B^ a f^ h g, 
e hy d f, e /, the six series of triangles commencing 
respectively at the six points, -4, a, J, (?, (?, e. 

We must, therefore, insert the following ; — 

Pbeliminaiiy Bule. If in any case, in Eules a, ft, &c., there be 
more than one series of triangles in the girder, the results 
obtained from the following rules must be divided by the 
number of the series of triangles in the girder to obtain the 
true result applicable to the case. 

We will now proceed to give the general rules, and 
some examples of their application. 

HuLE {a). To find the strain on any lattice-bar imder a central load, 
multiply the load in tons by the length in feet of one lattice 
bar, and diride the product by twice the depth in feet of the 
girder, the quotient will be the strain on the bar in tons. 
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Example. — ^Let the load in the centre of a lattice 
girder be 30 tons, the length of a lattice bar 4 feet 6 
inches, and the depth of the gii*der 4 feet : — 

30 tons' central load, 

4*5 feet length of lattice-bar, 

Depth of girder - 4 150 

2 120 



8 )135'0 [bar. 

T6-875 tons' strain on any lattice- 

If there be two series of triangles we shall have 

2 )16'875 

8-4375 tons' strain on any 
=====^ lattice-bar. 



Rule {b). To find the strain on the flange at any point under a 
central load, multiply the load in tons by the base {A C, Fig. 
21) in feet of one triangle, and by the number of bars (ties and 
struts) between the point at which the area is required and 
the nearest point of support, and divide the product by four 
times the depth of the girder, the quotient will be the strain 
on the flange in tons. 

Example. — Let the central load, as above, be 30 tons, 
the base of one triangle 4 feet, and the number of bars 
between the given point and the nearest point of sup- 
port 6, the depth of the girder being 4 feet : — 

30 tons' central load, 
4 feet base of triangle, 

Depth of girder -4 120 

4 6 b ars, 

16 ) 720 ( 45 tons' strain on flange at 

64 [given point. 

80 
80 
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We will now give the rules for girders uniformly 
loaded throughout their length. 

BuLE (e). To find the strain on any lattice-bar tinder an uniformly 
—distributed load, multiply t be load in tons at each smnmit (or 
junction of tie, strut and flange), by the number of summits 
between the centre of the gurder and the bar on which the 
strain is to be found, and by the length of a lattice-bar in 
feet, and divide the product by the depth' of the girder in feet, 
the quotient will be the strain on the bar in tons. 

Example. — ^Let the weight per summit be 5 tons, the 
nimiber of sunu^its between the centre of the girder 
and the bar 3, the length of a lattice-bar 7 feet, and the 
depth of the girder 5 feet : — 

5 tons per summit, 
3 summits, 



15 
7 feet length of lattice-bar, 



Depth of girder 5 ) 105 

21 tons' strain on lattice-bar. 



If there be three series of triangulations we have 

3 )21 

7 tons' strain on lattice-tar. 



Rule {d). To find the strain on the top flange at any point, mul- 
tiply the sum of the strains on all the ties between that point 
and the nearest end of girder by the base of one triangle in 
feet, and divide the product by the length of a lattice-bar in 
feet,— the quotient will be the strain on the flange in tons, 
for any number of series of triangles. 

(JVb^^.— If the last bar is a tie, take only half the strain on it in the 
sum). 

Example— lict the sum of the strains be 160 tons, the 
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base of one triangle 2 feet, and the length of a lattice- 
bar 2 feet 6 inches : — 

160 tons' sum of strains on ties, 
2 feet base of triangle, 

Lengihof lattice-bar 2*5)320*0(128 tons' strain on 

25 [flange, 

70 
50 



200 
200 



As a matter of course, this rule cannot be used until 
the strains on all the ties have been determined by 
means of Eule (c). 

Bulb {e). To find the strain on the bottom flange at any point, 
multiply the sum of the strains on all the stbuts between 
that point and the nearest end of girder by the base of one 
triangle in feet, and divide the roduct by the length of a 
lattice-bar in feet, — the quotient wUl be the strain on the 
flange in tons, for any number of series of triangles. 

(liote. — ^If the last bar is a strut, take only half the strain on it in 
the sum.) 

• 

Example. — Let the sum of all the strains be 185 tons, 
the base of one triangle 4 feet, and the length of a 
lattice-bar 5 feet : — 

185 tons' sum of strains on struts, 
4 feet base of triangle. 

Length of lattice-bar 5 )740 

148 tons' strain on flange 

With a perfect knowledge of these last five rules (a), 
(5), ((?), {d)f and (d), the strains may be calculated on any 
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part of any lattice girder loaded centrally, or uniformly 
and freely supported at each end; but the following 
numbers may be useful in expediting such calcula- 
tions. 

Two angles only are almost exclusively adopted in 
the construction of lattice girders. They are : — 

The angle of 60 degrees between the lattice-bar and 
the flange, which gives eqxiilateral triangles; and 

The angle of 45 degrees between the lattice-bar and 
the flange, which gives triangles having their vertices 
right-angled. 

In the first case, 

The length of lattice-bar divided by depth of 

girder is equal to — 1*154. 
Base of triangle divided by length of lattice-bar is 

equal to — 1. 

In the second case, 

The length of lattice-bar divided by depth of girder 

is equal to 1*414. 
Base of triangle divided by length of lattice-bar is 

equal to 1*414. 

These numbers form convenient multipliers for re- 
ducing the loads to strains on lattice-bars, and the latter 
to strains on flanges* 

In Fig. 22 is shown a 
combination called a bow- 
string girder, supported upon 
two piers A and B. A C B 
is an arch on which the strains 
may be calculated in the 
ordinary way by means of 
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Eules (17) and (18). Instead, however, of the flmifit 
of the arch being borne upon the piers, it is taken up 
by the bowstring or chord A d B^ixi which the roadway 
is usually attached, the whole being connected with the 
arch by the vertical suspension-rods C d, ^ /, &c. The 
diagonal bracing is interposed to give increased steadi- 
ness, and hinder any slight distortion of the arch which 
might occur. 

It is important thoroughly to understand the duties 
of the difPerent elements of the bowstring girder, so that 
it may in no way be confounded with a trussed or lattice 
girder. In point of fact it is not, strictly speaking, a 
girder at all, but a tied a/reh ; that is, an arch of which 
the abutments are imited by a tie, instead of being 
otherwise enabled to resist the thrust thrown upon them 
by the arch. 

The load comes upon the arch through the suspen- 
sion-rods, at the lower ends of which, /, A, <?, the weights 
are suspended, and these rods have no other duty to 
perform. Their lower ends are kept in position by 
attachments connecting them with the chord. The 
arch may be regarded and treated as an arch uni- 
formly loaded. The chord or tie ^ j? is in ten- 
sion, and the amount of strain upon it is equal to 
that at the crown of the arch, and the tension on the 
chord is the same throughout. Hence it may be Ibund 
thus : — 

HuLE. To find the tezision on the chord of a bowstring or tied 
arch in tons, multiply the total load on the arch in tooal^ 
its span, and divide the pioduct by eight times the xise 
or yersine of the arch, — the quotient is the required stniB 
in tons. 

Example. — Let the total load be 140 tons, the 
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span of the arcli 83 feet, and its rise or yersine 

7 feet :— 

1 40 tons' total load, 

83 feet span of arch, 

Eise of arch, 7 420 

8 1120 



56 ) 11 620 ( 207-5 tons' tension on chord. 
112 

420 
392 



Fig. 23. 



280 
280 

In two or three instances arches and chains have been 
combined together in the general form shown in Fig. 23, 
and in one case for so large a clear span as 445 feet. We 
allude to the late Mr. Brunei's 
magnificent bridge at Saltash, 
of which the two main spans 
are designed on this prin- 
ciple : — A (J ^ is the arch, and 
A (? ^ the chain, which are 
connected together at each 
extremity in such a way that 
the thrust of the arch equi- 
poises and is equipoised by 
the pull of the chain. 

« / is the roadway, which is suspended from the arch 
and chain by the rods c g, h f, &c., so that the chain 
carries one half of the load and the arch the other, 
under which circumstances the thrust and pull at the 
piers A B will be equal. 

The suspension-rods have no duty to perform beyond 
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transmitting the load on the roadway to the Bustaining 
members, and the diagonal bracing between the Buspen- 
sion-rods tends to check vibration. 

In calculating the strains on these combined elements 
it is only necessary to assign one half of the load to the 
arch and the other half to the chain, and proceed as 
usual by means of the Eules (17) and (18). Between 
the suspension-rods the roadway is carried by any con- 
venient description of light, straight girder. This mode 
of construction may at first sight appear heavy and 
complicated, but in realiiy it is not so, but, on the con- 
trary, forms a light and elegant structure. ' 

Amongst other buildings in metal which the engineer 
is called upon to design are included lighthouses. These 
may be conveniently formed of columns of iron braced 
together laterally and diagonally to enable them to re- 
sist the force of the winds and waves ; but in the present 
chapter they need no notice, as suf&cient information 
has already been given to show how, in any case of 
combined elements, the loads may be apportioned and 
the strains arising from them calculated, and to enter 
into special consideration of the great variety of systems 
which are proposed, would occupy far more space than 
can be with propriety devoted to this subject. 

In concluding this chapter we would strongly urge 
upon our readers, but more especially upon those 
entering on the profession, to thoroughly master those 
rules which have been set forth, and upon which our 
future calculations are based, for in the comprehension 
of the principles from which they are derived consists 
the knowledge of the fundamental doctrines upon which 
that branch of engineering to which the present volmno 
ie devoted depends, and these doctrines, once understood, 
will not readily be forgotten 
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OHAPTEE IV. 

JOINTS AND CONNECTIONS, 

Undee the head of "Joints and Connections'* axe 
included an almost innumerable variety of methods of 
uniting the various elements of which structures are 
built up; and it not unfrequently occurs that the 
greatest amount of study and care devoted to the 
designing of any work must be expended in determining 
the best arrangement of the joints, and from the mode 
adopted the practical ability [of the designer may gene- 
rally be estimated. 

It is comparatively easy to learn to calculate the right 
dimensions of the various elements of any combina- 
tion; but to unite them in such a manner that, 
whilst the strength is not impaired, the appearance 
shall not be injured, requires a certain amount of that 
kind of knowledge known as ** tact," and without it one 
can scarcely expect to become a neat designer. Many 
things may be copied from previous examples, or modi- 
fied from them in such a manner as to suit an emer- 
gency ; but joints most frequently cannot be copied. Of 
course we are not speaking of simple rivetted or bolted 
joints, by means of which two or three thicknesses of 
plates or bars are held together ; we refer to such more 
complex j.oints as occur in some kinds of lattice girders, 
and also in the connection of a number of girders with 
one column, and others of a similar nature. 

We cannot well illustrate the importance of correctly 
arranging thejointsof girders usedin sustaining buildings 
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more strikingly than by reference to a catastrophe whicl 
occurred on the 6th of December, 1869, in the dining-hall 
of King's College, London. The dining-hall was 70 
feet long by 26 feet wide, and its floor and roof were 
supported by cast-iron girders put down about thirty- 
five years since. Lengthwise of the apartment three 
pairs of piers, 3 feet deep and 1 foot 9 inches wide, sup- 
ported three cast-iron cross girders. Longitudinal 
girders rested upon these and upon the end walls, so 
that the roof was divided into sixteen bays of brick 
arches, carrying superstrata of tiles, concrete, and earth 
covered with turf, the whole being about 2 feet in thick- 
ness. Each cross girder had a top flange 3^ inches wide 
by 2 inches deep (a not only useless but positively 
destructive addition, but of the general design we shall 
not speak, as here we are treating of joints only), an 
upright web, and a bottom flange; the longitudinal 
girders had bottom flanges and upright webs. Where, 
however, the longitudinal girders rested on the trans- 
verse girders — ^where the greatest amount of strength 
was requisite — ^the top flange was omitted, evidently fiw 
the purpose of more conveniently dropping in the ends 
of the longitudinal girders; hence, whatever strength 
would have been given by the upper flange otherwise 
was by this arrangement lost, so that the whole weight 
of that top flange was an additional load upon the web 
and lower flange of the girder. A pair of vertical snugs 
were also in each case cast at this point, inclining in- 
wards so as to form a recess to receive the butt-end of 
the longitudinal girder. The eflect of such snugs on 
the castings would be to weaken them still further by 
aflecting them in the cooling in the weakest part. It 
maybe argued in reply to these remarks that the girden 
would not have stood thirty-five years had they not had 



' 10 sujuasa STBUonntES. 8& 

euffident strength for the end to irhioh the; were 
designed; but, he it remarked, so booh as an extra 
strain vae put upon these ^rders by the setUeineDt of 
some of the masonry, they immediately gave way, 
breaking at the joint in ea«h case, — ^that is, fraoturing 
across the recess or pocket, — thus showing that through- 
out the girders the joints were the weakest places ; and 
the maxim to be followed and made a rule, never to be 
swerved from, is : — 

Id any strQctnie the joints Bboold be at least as strong as the 
■olid parts of the worl^ uid if a litUe atrongei bo diqoIl the better, 
as they are liahle to spedol defects, anch as arise from nnectnal 
bearing, &e. 

It now devolves upon us to show how these joints 
should be formed ; but in the first instance we would 
make a few remarks as to the proper shape of the 
girders themselves. 

Oast-irou having a much greater resistance to com- 
pression than to tension, it follows that girders made of 
that material rec[uire either no top flange or else one 
small in proportion to the bottom flange, say in the 
ratio of 1 to 6 for sectional j, 04 

area. We shall purposely as- '„ 

flume the girder to have a top ^^^ 
flange, for otherwise tl^ mat- 
ter would be simple enough, 
. as abolishing the whole top 
flange would leave the joints in 
the same state as in the above ^rz 
case, excepting as far as the 
recesses are concerned ; hence, the cross girders will he 
assumed of the section shown in Fig. 24, though we do 
not in this place enter upon details as to the section 
required to sustain any particular load, a shows the 



I - 



6i 



THE AfPLKIATIOH OF lEOS 



top and & the bottom flange, the web being between 
Uiem and connecting them together ; e, e, are the enda 
of the lon^tudinal girders as seen in situ. The sides rf, 
laterally holding the longitudinal girders, should be of 
the same thickness as the web, so as to cool in the same 
time and so avoid straining i^m unequal contraction in 
cooling when cast. It ia, however, necessary for steadi' 
ness that there should be something for the ends of the 
longitudinal girders to butt against, and it would lut 
be proper to make the thickness of the web between the 
cheeks d equal to the breadth of the top flange, as then 
the web at that place would, when oast, be slower in 
sooling ; bnt the matter might be arranged in either of 
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the ways shown in Fig. 25. 
Both views show the trans- 
verse g^er in horizontal sec- 
tion and the longitudinal ** 
girders in plan. It will be 
observed that in the longitu- 
dinal girders the top web ia 
expanded at the ends so as 
to be equal there in width to 
the bottom flange. In the 
first arrangement a is the 
transverse girder, and between the cheeks are cast small 
fillets for the ends J J of the longitudinal girders to butt 
against ; in the second the web divides info two, aa 
shown, to give hutments for d d. In the latter 
instance the core must be left in the cavity formed, as 
the space between the divisions of the web must not be 
carried through either fiange. In both instances it 
will be observed the integrity of the top fiange is not 
interfered with, hence the transverse girder maintaina 
its strength unimpaired all through its length. 
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Haying mentioned the above disaster and pointed out 
its cause as an evidence of the importance of care being 
taken in the proportioning of joints, we will return to 
the more systematic treatment of our subject. "We will, 
in the first place, consider the question as relates to 
rivets and bolts. 

The strains on bolts or rivets are of two sorts, tensile 
and shearing, sometimes shearing strain only being upon 
them, and sometimes both strains. If there is a tensile 
pull in the direction of the length of the bolt or rivet, 
its sectional area must be proportioned to bear such pull 
according to the quality of the metal of which it is made 
(commonly five tons per square inch is allowed as a safe 
load), and if the tendency of the strain is to shear the 
bolts or rivets asunder the areas must be similary pro- 
portioned (four tons per square inch may be allowed as 
safe for shearing strain). 

Bulb. To find the sectional area of a rivet or bolt in square inches^ 
multiply the square of its diameter by 0*785. 

Example. — ^What is the area of a rivet f inch in 

iiameter ? 

0*75 inch in diameter, 

0-75 „ „ 

375 
525 

5*625 square of diameter, 
0-785 



28125 
45000 
39375 



441*5625 square inch area of rivet 
^==^ or bolt (j»."5 <iA^% 
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Let it be required to determine the number of i-ineh 
bolts required to sustain a force of twenty-seven tonsy 
safe load being five tons per inch tension : — 

0*44 square inch, area of bolt| 
6 tons per inch, 

2*20 strength of one bolt. 

Tons* load. 

2-2) 27-0 (12-2, that is, 13 bolts 
22 

44 

~0 
44 



Sow many f riyets will be required to resist a slhear- 
ing strain of fifty tons at a strain of four tons per square 
inch area? 

0*44 square inch area of rivets, 
4 



1*76 strength of one rivet. 

Tons* load. 

1-76 ) 50-00 ( 28*4, that is, 29 rivets. 
352 

1480 
1408 

720 
704 

16 
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« 

The heads of bolts should never be of a thick- 
ness less than 5-16 of their diameters, nor should the 
nuts be less than double this, or f of their dia- 
meters. 

Let A, Fig. 26, represent one end of a bar forming 
part of the chain of a suspension bridge, or of the bottom 
member of a lattice girder, and in the end let there be a 
hole through which to pass a _. 

bolt, in order to connect it ^^* 

with the other bars. It is ("o Zt ] 

very evident that the bolt- 
hole weakens this bar by as 
much as it reduces its sec- 
tional area, which, supposing ' 
it to be of imiform thickness, ^^ | r-n ' jgL^ 
will be reduced in the same ^ ■ i — ^ 




ratio as the width of the bar. !b 

We will take an example, in order to make the matter 
dear, the bar being supposed to be, when in position 
between two others, as shown in plan A\ being the bar 
with which we are dealing, which is held between two 
other bars, D and E. Let the bar A be 12 feet long 
&om end to end (when not otherwise stated the lengths 
are taken from centre to centre of the bolt-holes), 10 
inches in width, and f -inch in thickness First, — ^let us 
ascertain the weight of this bar. A piece of wrought- 
iron of 1 inch sectional area, 1 foot in length, weighs 
3i lbs., hence to £nd the weight of a bar of iron we have 
the following rule : — 

Bulb. To find the weight of a rectangular bar of iron, multiply 
its length in feet by its breadth in inches, and by its thickness in 
inches, and by 10, and divide the product by 3. The quotient 
will be the weight of the bar in pounds. 
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The weight of the above bar is thus found :—- 

12 feet length of bar, 
10 inches breadth of bar. 



120 

*75 inch thiokness of bar, 



600 
840 



90-00 

10 multiplier, 



Divisor - 3)900-00 

300- lbs. weight of bar. 

Next must be ascertained the size of the pin or bolt 
which shall be of equal strength with the bar, and we 
shall assume that it is made of material which will safely 
carry a shearing strain of 5 tons to the square inch of 
sectional area, hence as the iron of the bar is assumed 
to be capable of sustaining the same strain per square 
inch in tension, the area to be sheared in fracture must 
not be less than the sectional area of the bar itself; the 
latter is 

10 inches breadth of bar, 
•75 inch thickness of bar, 

7-50 square inches sectional area. 



A glance at the plan A! 1) E shows that for the bar 
J! to be pulled away from the two bars D and E the 
pin or bolt connecting them must be sheared through in 
two sections, hence the sectional area of the pin must be 
not less than one half the sectional area of Ihe bar, and 
as the latter is 7*5 square inches the former will be 3*75 
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square inches. To find the diameter corresponding to 
this area we have this ride : — 

Rule. To find the diameter in inches of a bolt to give any area in 
square inches, divide such area by 0.785, and extract the square 
root of the quotient. 

•785)3,750(4-7770, &c. 
3140 



6100 
5495 



6050 
5495 

5550 
5495 

550 

We have now to extract the square root of the quotient, 
4*7770, which is carried to a sufficient number of decimal 
X>oints for our present purpose. 

2)4-7770(2-18 inches, (say) 2i inches 
4 [diameter of bolt. 

41) 77 
41 



428 ) 3670 
3424 



246 



The bolt-hole then would be 2 J inches in diameter, 
hence the width of the bar A would require to be in- 
creased by 2^ inches in order that its faU strength may 
be retained ; the weight of the bar will of course be in- 
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creased in proportion, that is, in the ratio of 2^ to 10 ; let 
lis see how much per cent, this will add to the weight 
of the chain : — 

10 : 2-25 : : 100 
100 



10)225-00 



22*5 per cent. 



This loss of metal in the chains is not, however, the 
only one which occurs through this form of bar, for the 
chains being 22*5 per cent, heavier than they need be, 
necessitates the giving of increased strengtii to some 
other parts of the structure which have to sustain the 
weight of the chains. 

In order to avoid this loss, a form of link swelled at 
the end, as shown at B, has been adopted, and should 
in every case be applied when the weight of the links 
is at all considerable. The breadth of the linkf-measured 
across the eye in the direction of the dotted line, should 
be slightly in excess of the breadth of the body of the 
bar, added to the diameter of the bolt-hole. The 
amount of metal beyond the bolt-hole at a must be 
suficient to afford area enough to resist the shearing 
strain caused by the tendency of the bolt to push out 
the piece of metal beyond it ; therefore, measured from 
the edge of the hole along the dotted line to a, the dis- 
tance should not be less than one and a half times the 
diameter of the bolt. Wherever it is necessary to weld 
links the greatest care must be taken that the weld is 
sound, as an internal flaw does not admit of easy de- 
tection when the work is finished, for although a method 
has recently been discovered of detecting defects \q 
means of a magnetic needle, yet, as far as we can 
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Fig. 27. 




I 
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ascertain, it has not yet found its way into the work- 
shop. 

Fig. 27 represents two methods of attaching an up- 
right bar or standard to a horizontal flange. A and B 
are the upright bars, or rather the extremities of them, 
and C, JD, represent the 
horizontal flanges. Both the 
upright and horizontal bars 
are supposed to be in tension, 
hence it is important not to 
weaken the section of either 
by rivet holes more than is 
absolutely necessary. Let the 
nimiber of rivets required be 
eight, thenin the arrangement 
shown by A and C it will be 
observed that no section of C has more than two rivet 
holes in it, but two sections of J[, taken on the line of 
rivets, have each four rivet holes in them. If, how- 
ever, the arrangement shown at B and D be adopted, 
neither of the bars will have more than two rivet holes 
in any one section. But care must be taken that any 
section iaken zig-zag across the bar £:om centre to centre 
of rivet holes, less the rivet holes through which it 
passes, shall not be smaller than the cross section of 
the bar less two rivet holes, because as a matter of 
course the bar will break in its weakest part ; and if 
the effective zig-zag section be less than the effective 
transverse section, the former will be the measure of 
{he strength of the bar. 

It is a common practice in setting out girder work to 
make the total sectional area of the rivets equal to the 
sectional area of the plates when the strain actually 
comes upon the rivets, as it does in all joints uxLd^x 
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tension, and in some under compression, we shall there- 
fore take a few examples by way of illustration. 

As rivets f inch in diameter are very generally used 
for light and moderately heavy girders, we shall in each 
case assume that as the adopted size. 

Lofp joints are those in which one end of one plat^ 
overlaps that of the other simply. 

Butt joints are those in which the ends of the plates 
are placed against each other (or butted together), the 
ends of the two plates being covered either with one 
cover plate or with two, one being on each side. 

Let it be required to determine the number of f-inch 
rivets to make a lap joint between two bars 11 inches 
wide and J-inch thick, the rivets being placed in two 
longitudinal rows. First, the effectwe sectional area of 
the bar must be foimd. 

BuLE. To find the effectiye sectional area of a bar on any linie of 
rivets under tension, multiply the diameter of the livetB in 
inches by the number of rivets in the section ; deduct tha 
product from the width of the bar in inches, multiply the re- 
mainder by the thickness of the bar in inches, and the product 
will be the effective area of the bar in square inches. 

Applying this to the above case we have — 

•75 inch diameter of rivet, 
2 number of rivet, 

1-50 .... (a) 

11-00 inches width of bar, 
1.50 . . . . (a) 

9-50 
•75 inches thickness of bar. 



4750 
6650 



7-1250 square inches effective area of bar. 
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And to this effective area of the bar the sum of the 
rivets' areas must be made equal, the number of rivets 
will be found by dividing the above area by the area 
of one rivet. The sectional area of a J-inch rivet is '44 
square inches 

•44)7-125(16 
44 



272 
264 



85 



Thus we see somewhat more than 16 rivets will be 
required ; hence, as the rivets go in pairs, there being 
two rows of them, not less than 18 rivets will answer 
the required purpose, that will be 9 rivets in each row ; 
BO that if the rivets have a " pitch " or distance apart 
from centre to centre of 3 inches, and at each end of the 
joint a lap or distance from the last rivet centre to the 
end of the plate of 1 J inches be allowed, the total 
length of the joint will be — 

9 rivets in length, 
3 inches' pitch, 

27 inches length of joint. 

For another example of a lap joint let the plates bo 
30 inches wide and li inch thick (in one or two thick- 
nesses), let the number of rows of rivets be six, and the 
pitch of rivets 4 inches, then we have — 

•75 inch diameter of rivet, 
6 number of rivets, 

4"^ . . . (fl) 
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dO'O inches width of bar, 
4-5 . . . Ca) 

M28 



2040 
610 
255 
255 



28*7640 square inches effective sectionat 
■ area of plate. 

To find the number of rivets requisite we have— 

•44 ) 28-764 ( 65 
264 



236 
220 



164 

Thus rather more than 65 rivets, that is to saj, 66 
rivets, will be required to make the joint, and as there 
are six rows of rivets, this wiU give 11 rivets in each 
row. The pitch of the rivets being 4 inches, th© length 
of the joint (allowing at each end half a pitch for lap) 
will be 44 inches, or 3 feet 8 inches. 

If, instead of being a lap joint, the plates were 
butted with one cover plate, then it is evident that the 
strain has to pass first from one main plate on to {be 
cover plate, and then from the cover plate on to the 
other main plate, thus virtually making two joints of it^ 
hence, in this case, twice the number of rivets will be 
required. If, however, two cover plates be used| one 
on each side of the main plates, then each rivet presents 
two sections to be sheared before failure can take place; 
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hence, a butt jpint, in tension with two cover plates, 
requires the saoie number of rivets to hold it as a single 
lap joint, the dimensions and other particulars being the 
same. 

In butt joints in compression, if truly made, there 
should be no shearing strain on the rivets, as the 
pressure passes from the end of one plate to that of the 
one against which it is butted ; hence, the only duty the 
rivets have to perform is to hold the ends of the plates 
opposite to each other. In this case it is evident that 
very short cover plates will suffice for butt joints in 
compression, nor is any deduction to be made for the loss 
by rivet holes, for the rivets filling the holes the thrust 
or compressive strain will be transmitted through the 
bodies of the rivets the same as through the solid plate* 

In determing the length of rivets required for any 
joint two matters have to be taken into consideration, 
the thickness of metal through which the rivets have to 
pass, and the amount of length of rivet necessary to 
make that head which is completed in the act of 
rivetting up the joint. The first is the sum of all the 
thicknesses of metal through which the rivet has to 
pass, the second is generally provided for by allowing 
an extra length, equal to one and a half times the 
diameter of the rivet. The length of the rivet is 
measured from imder the head to the point. 

If it is required, therefore, to determine the length of 
f-inch rivets necessary 'to imite three thicknesses of 
metal — ^being respectively ^-inch, f-inch, and f-inch, 
the fiium of these three thicknesses will be If inches, 
and one and a half times the diameter, f -inch, will be 
li inch ; hence, the total length of the rivet will be If 
inches added to 1^ inches, making altogether a length 
of 3 inches. 
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This is applicable when the number of plates to be 
joined together is but small, but when a larger number 
are to be connected an allowance must be made for their 
not lying perfectly iiat and close together, the following 
will then be a safe rule:— 

KuLE. To find the length of rivets in inches, measured from under 
the head to the point, to hold together a number of plates of 
iron, add together the thicknesses in inches of all the plates, 
to this add 1-32 part of the number of the plates and one-and- 
a-half times the diameter of the rivet in inches. 

Example. — Let it be required to find the length of 
rivets 1 inch in diameter necessary to hold together six 
^vrought-iron plates, of which three are f -inch and three 
J-inch in thickness : — 

'75 inch thickness, 
3 



2*25 inch thickness of three f-inch plates, 

'625 inch thickness, 
3 



1 *875 inch thickness of three f-in. plates. 



The number of plates is 6, hence we must find 1-88 

part of 6. 

32 ) 6-00 ( 0-1875 . . (fl) 

32 

280 
256 

240 
224 

"l60 
160 
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And, finally, one and a half times the diameter of 
rivet (1 inch is 1 '5) inch. Adding all these quantities 
together we arrive at the required length of the 
rivets : — 

2'25 inches' thickness of three J-inch plates, 
1*875 inches' thickness of three f-inch plates, 

•1875 (a) 

1-5000 inches' length of IJ diameters, 

5-8125 inches' total length of rivets. 

Practically, this length would be taken as 5 J inches, 
decimal measurement only being used in calculation. 

"Where cover plates are used to joints they must, of 
course, be equally strong with the main plates, as they 
have to convey the whole strain from one plate to 
another; hence, assuming the widths of the cover 
plates to be the same as that of the main plates — 

For a Bxngh cover the thickness must equal thiciness oj 
main plate. 

For two covers the thickness of each must equal half the 
thickness of main plate. 

We must now pass on to speak oi joint plates. These 
are plates introduced to unite elements where they can- 
not conveniently be united directly — ^that is, one to the 
other ; in fact, joint plates serve as cover plates, but are 
very frequently of irregular forms, to suit the nature of 
the work for which they are designed. 

In Fig. 28 is shown a joint plate for enabling a 
standard or upright to be joined to the flange of a 
girder. ^ ^ is the horizontal member or flange, 
D the standard, and C the joint plate. The joint 
plate, which Is wide at the bottom, is rivetted on to tl;^^^^ 
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Fig, 28. 




O O OOi 



angle iron, or rather it should be between the two 

angle irons of the flange, and I) the upright is rivetted, 

as shown, on to the upper 

part of the joint plate, which 

tapers down in width until 

it is at its top the same width 

as the piece D; if the latter 

consists of two bars one will 

be placed on each side of 

the joint plate, and all three 

will then be rivetted together ^ f • ^^ ^ 

in the manner shown. 

In this case, if the element D had been rivetted direct 
on to the angle iron without the intervention of the 
joint plate, it would, in order to get in the necessary 
number of rivets, have required them to be placed so 
close together as very seriously to weaken both the 
upright and the flange ; but as the joint plate may be 
made of any height and width desirable, a sufficient 
number of rivets may be brought into action without 
the slightest amount of crowding. 

In Fig. 29 is shown a joint plate, which at the same 
time acts as a gusset plate. (A gusset is a plate inserted 



)■ 



Fig. 29. 



at an angle in order to main- 
tain the proper relative in- 
clination of any two parts of 
a structure.) ABC shows 
a part of the comer of girder 
and D a diagonal bar to bo 
attached to it ; F is the joint 
plate. The height and width 
of this plate aUow of a suffi- 
cient number of rivets being 
brought into play to hold it to the bottom flange and end 
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of the girder, and its diagonal measurement affords 
room for the insertion of the number of rivets requisite 
to the proper attachment of the diagonal bar B. In 
this case the plate, in its capacity as a gusset plate, 
keeps the end A B oi the girder to which it is supposed 
to belong at right angles to the bottom flange BiC^ but 
of course plates of this description may be cut to any 
angle according to the requirements of the case. 

Pig. 30 shows a form of joint plate not unfrequently 
seen in roof-work and in the larger class of lattice 
girders used in buildings of magnitude. A is the 
joint plate, and its duty is to ^. ^ 

connect the four diagonal ties, ^' 

h, c, df e, which are assumed to 
come from the four comers of 
some bay which requires brac- 




ing. The plates are two in 



■'O (o\ 




number, the swelled ends of -X^ V^ 

the tie bars being placed be- 
tween them and there secured by bolts or rivets. 

Pairs of plates of this description are made in a great 
variety of forms to meet the requirements of light 
trussed work, where the ties and struts are so small as 
not to allow of rivet-holes being punched in them con- 
veniently, and also where a number of ties lying in the 
same plane meet. 

It may also here be observed that where plates of 
this description have to be employed, by care in design- 
ing them they may be caused to add very materially to 
the general appearance of the work. 

In some instances wrought-iron tie-rods have been 
joined in the centre or some other part of the length, as 
the case might be, by means of coupling boxes. The 
two extremities of the bars to be joined have screws cut 
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upon them, but the threads are cut in opposite directions, 
that is to say, on one end a right-hand screw is cut, but 
on the other a left-hand screw, in the same manner as 
the railway couplings are made. A box, or long nut, is 
made to fit these screws, having an internal right-hand 
thread at one end, and an internal left-hand thread at 
the other ; when this box or nut is adjusted to the two 
ends to be brought together, it is evident that by turn- 
ing it in one direction or the other the ends of the tie-bars 
are caused to approach, or recede :&om, each other, and 
thus the required length of the whole tie, which is made 
up of the two bars, admits of being adjusted with the 
greatest nicety, not only at the time of its erection, but 
also at any future time, if from any cause it should be 
thought desirable. 

If an adjustable joint be required for a strut, it can 
be arranged in the following manner : — 

Let one piece of the strut have an ordinary screw- 
thread cut upon its extremity, being that extremity 
which meets the other piece of the strut. The latter 
part is to be tubular at its end, so as to admit the 
former, and the tubular part must be sufficiently long 
to give a steady good hold, and of such a diameter that 
the screwed portion will just slide in or out, but without 
play. The strut being put together, it can be screwed 
out to the required length when in place, by turning the 
nut which bears upon the end of the tubular part, and 
thus affords a means of adjustment whenever it may be 
required. 

In connecting different cast-iron elements generallyi 
rivets are out of the question, as, from the very unyield- 
ing nature of that metal, it would be constantly being 
fractured, either in the rivetting or by the subsequent 
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contraction of the rivets in cooling, hence bolts and nuts 
are invariably used. 

It is held by many mechanical engineers that a well- 
made bolt, one inch in diameter, should safely carry a 
load of five tons, and this may be safe where no violent 
jars or shocks are likely to come upon it ; but in girder 
work the safe tensile strength of iron is assimxed to be 
five tons per sectional square inch, and the sectional 
area of a bolt, one inch in diameter, is 0*785 square inch. 
Hence the safe strength of such a bolt is thus found: — 

'785 square inch sectional area, 
5 tons per square inch, 



3*925 tons strength of bolt. 

"We may, however, with perfect prudence, call this 4 
tons; then, as the sectional areas and therefore the 
strengths of the bolts vary as the squares of their 
diameters, we have the following simple rules : — 

HxTLE (25). To find the safe load on any given wrought-iron bolt, 
multiply the square of the diameter of the holt hy 4 : the pro- 
duct is the load in tons. 

Example. — ^What is the safe load on a bolt i inch in 
diameter ? 

*625 inch diameter, 
j625 „ „ 

3125 
1250 
3750 



'390625 square of diameter, 
4 



4 



1*562500 tons working strength of f in. bolt 
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The next rule serves to find the number of bolts re- 
quisite to support a given load. 

HuLE (26). To find the number of bolts of a given diameter to 
support a given load in tons, divide the given load by iova 
times the square of the diameter of the bolts in inciheB, — ^the 
quotient will be the number of bolts required. 

Example. — Let it be required to be determined how 
many bolts f inch in diameter wiU be necessary to cany 
safely a load of 43 tons : — 

•75 inch diameter of bolts, 

'^ »» » » 

"37F 
625 



•5625 square ,, 
4 



2-2500 



Load in tons. 

2-25 )43-00( 19 

225 



2050 
2025 



25 

Practically this wiU be 20 bolts required* 

The following rule serves to determine the diameter 
of the bolts when the load and nimxber of bolts are 
given. 

KuLE (27). To find the diameter of bolts in inches, the load and 
number of bolts being given, divide the load in tons by four 
times the number of bolts given, and the square root of tho 
quotient will be the required diameter of bolts in inches. 
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Example, — ^Let the load to be sustained be 25 tons, 
and the number of bolts admissible 14, then applying 
the rule, we find, 

Number of bolts, 14 

4 

Tons. 

56 )25-0( 0-446, &o. 
224 



260 
224 



360 
336 



J4 

We must extract the square root of 0*446. 

•6 )6-4466( 0-66 diameter of bolts 
•36 



126) 860 
756 



104 



Practically, these bolts would be 9-16 inch in 
diameter. 

The different elements of cast-iron structures, which, 

from being at an angle, cannot be bolted directly 

together, are joined through the medium of brackets or 

dogs, either cast on to one of the pieces, or else bolted 

to both of them. Lugs, or ears, also cast on to the sides 

of certain elements, are used as a means for bolting them 

together. As a general rule, wherever a bolt passes 

through a piece of cast-iron, at that place the metal 

should be made thicker than in the general body, and 
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that for a distance round the hole about as far as the 
nut or head of the bolt Avill extend. 

In conclusion, it may be observed that although bad 
joints of all descriptions will sometiines make their 
presence in a structure evident .the first time it is tested, 
yet such is not always the case, and, in fact, they must 
be bad indeed to yield at the first strain ; and in general 
it is after the structure has for a long time undergone 
continuous strain and frequent vibration that the joints 
find their real bearings. Sometimes the actual resist- 
ance of rivets to shearing will not be called into play at 
all, because^their contraction in cooling has pressed the 
plates together with so great a force that the friction 
of their surfaces of contact is alone sufficient to prevent 
them from sliding one upon the other. 



CHAPTEE V. 

GIBDEES AND COLTTMNS FOE BUILDINGS. 

The application of iron columns and girders to the con- 
struction of warehouses and other buildings is now so 
fapidly extending that the circumstances of its adapta* 
tion to such purposes require the most careful considera- 
tion on the part of builders and engineers. 

In ordinary warehouses and private buildings the 
loads on the girders will generally be of an unifonnly 
distributed character, being due to the weight of walls, 
merchandise, and inhabitants. Of course in each ease 
the weight must be token at a maximum. A few 
examples of modes of determining the loads on ware- 
house girders, &c., TVill serve to illustrate this portion 
of our subject 
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Let it be required to construct a wrought-iron flanged 
girder of the common I section, to carry a wall 25 feet 
ligli and 2 bricks thick across an opening or gateway 
20 feet in the clear span or distance between the points 
of support. 

To And the weight of the wall we have the following 

rule: — 

BuLE. To find the weight of a brick wall in pounds, multiply its 
height in feet by its length in feet, by its thickaess in bricks 
(each brick is 9 inches) and by 75. The product will be the 
weight of the wall in pounds. 

Applying this to the above case, we have 

25 feet height of wall, 
20 feet in length car. by girder 

"ioo 

2 bricks thick, 

1000 
75 



75,000 lbs. load on girder. 

To reduce this to tons we must divide by 2240, being 
the !number of pounds in a ton : — 

2240 )75000( 33-48 tons. 
6720 

7800 
6720 



10800 
8960 



18400 
17920 

480 



'This will in practice be taken as 34 tons' load distri- 
buted over the whole length of the girder. 
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From this load the size of the girder may be deter- 
mined when its general proportions have been arranged. 

For flanged plate girders, about the most economical 
proportion of span to the depth is as 12 to 1, but we 
cannot always get even so much depth as this would 
indicate on account of limitations as to space or head- 
way; hence, in many instances, girders for buildings 
have to be made with imusually heavy flanges ; in the 
present example, however, we shall assume that the 
desired depth of girder may be attained ; the span being 
20 feet, the depth will be 

12)20 

1-667 feet depth of girder. 



Then, to find the strain on either flange, we have 

BuLE. — ^To find the strain on cither flange of a girder supported 
at both ends and uniformly loaded, multiply the load in tons by 
tho clear span in feet, and divide the product by eight times the 
depth of tho girder in foot ; the quotient will be the strain at the 
ccntro on either flange in tons. 

Depth of girder - 1*667 34 tons' load, 

8 20 fee t span, 

i3-336 )680-000(50-9 tons' strain. 
66680 



132000 
120024 

11976 



Practically, tho sectional area for such girders is so 
proportioned as to allow a safe strain of 4 tons per 
square inch both in tension and compression, no allow- 
ance being made for loss by rivet holes. This, in fact, 
amounts to the same as allowing 5 tons for tension per 
square inch of nett effective area and 4 tons per square 
inch in compression ; for it will generally be foiind that 
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the effective sectional area of the bottom flange is about 
four-fifths of the gross sectional area ; hence if the top 
and bottom flanges be made of the same gross sectional 
area the proper proportions will be obtained. In the 
example selected the sectional area of either flange at the 
centre will be found thus : — 

4 )50-9 t ons' strain, 

12-725 square inches. 

The thickness of the wall being 2 bricks, or 18 inches, 
the breadth of the flanges of the girder should not be 
less than 15 inches, — and the thickness may be taken 
at half an inch, the flanges to be attached to the web 
by angle-irons to be 3 inches by 3 inches and fialf an 
inch thick. To find the sectional area of an angle-iron, 
the following rule may be used : — 

EuLE. To find the sectional area in square inches of an angle-iron 
add together the lengths of its two hmbs or sides in inches, 
from the sum subtract the thickness of metal in inches, and 
multiply the remainder by the thickness in inches ; the pro- 
duct will be the sectional area in square inches. 

The two sides of each angle-iron each measure three 
inches, the thickness of metal is half an inch, hence the 
area is formed thus : — 

3 inches on side, 
3 do. do. 

•5 inch thick, 



5-5 

•5 inch thick, 



[iron. 



2'75 inch sectional area of each angle- 
There are two angle-irons to each flange, hence the 
gross sectional area of each flange will b< 
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Mange plate, 15"by^" . • • 7*5 square inchesi 
Two angle-irons, 3" by 3" by J" gij^ J^; 

13*00 square inches, 

wbich gives a very slight excess over that required, 
12*725 square inches. 

This sectional area will be continued throughout the 
girder, as in those of small span it is not worth while 
varying the sections to accommodate them to the dimin- 
ishing strain towards the points of support. 

The rule for determining the sectional area of the 
flanges at the centre becomes much simplifled if we 
assume that the ratio of depth to span of one-twelfth is 
adhered to, thus — 

KxjLE. To find tho sectional area of either flange at centre, mul- 
tiply the total load on the girder in tons by three, and divido 
the product by eight. Or, multiply the total load on the 
girder by 0*375. 

Thus, in the above case— 

34 tons' load. 
•375 



170 
238 
102 

12-750 



The slight deficiency in the area previously obtained 
is due to the omission of decimals in calculating the 
strain, which is in reality somewhat more than SO'S 
tons on each flange. 

If the flanges bo made of plates 10 feet in lengUi 
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there will be one cover plate required on eacli flange ; 
the length of it must be determined. Let the girder be 
put together with rivets three-quarters of an inch in dia- 
meter pitched three inches apart from centre to centre. 
The joints are to be butt joints, according to invariable 
practice. As we have previously shown, there is no 
necessity for having long cover plates over joints in the 
compression member, but yet in such small work as that 
under consideration it is usual to make the covers on 
both flanges alike ; hence we shall take them to be so. 
Taking the nGt^ area of the flange plate (there being 
two rows of rivets) we find — 

7-50 sq. in. gross area 
'75 do. loss by two rivet holes. 

Area of J rivet, 0*44) 6.75 ( 15-3 

44 



235 
220 



150 
132 

18 

Mi 

Hence we must use on each side of the joint 16 rivets, 
or 32 rivets altogether in the cover plate ; that wiU be 
16 rivets in each row ; and as the pitch of the rivets is 
3 inches, the length of cover plates is thus found : — 

16 rivets 
3.inch pitch, 

48 inches. 

Or, each cover plate must be 4 feet in length. Some- 
times, in order to save metal in the cover plates, the 
rivets are pitched closer where they occur ; thus iiLtlvfik 
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present case, by pitching them 2 inches apart where the 

covers occur, the leng^ saved on each cover plate would 

be 1 6 inches, but the arrangement would require 16 extra 

rivets in each flange, hence it becomes a question whether 

there be any saving or not. This is not an imaginary 

case, as in many instances when setting out girder work 

which has been taken at a very low price, we have been 

obliged to consider every trifling detail, and have at times 

had as many as four different pitches in one girder. 

The amount of metal saved on each cover will be a piece 

15 inches by 16 inches. and half an inch thick, but one 

square foot of wrought-iron one quarter of an inch thick 

weighs 10 lbs., hence the weight of this piece will be — 

1-25 feet, 
1-33 feet, 

375 
375 
125 

1-6625 

. 20 lbs. per sq. foot of i" plate. 

33-2500 lbs. 



Taking iron at £9 10«. per ton the cost of 33 lbs. will 
bo thus found ; — ^ *• 

20 

190 shillings per ton, 
33 lbs of iron, 

570 
570 

lbs. per ton, 2240 ) 6270 ( 279 

4480 

17900 
15680 



22200 
2016 

2040 
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This shows a saving of 2/10 on each cover plate ; the 
extra cost of rivets, ta^ng them at 2d. each, will be, 

10 rivets, 
2d. 



20 pence, 



being an outlay of 1/8, hence the actual saving by 
putting the rivets closer together where the cover plates 
occur wiU be *• ^ 

1 8 
1 2 



and as there are two cover plates to each girder, the 
saving per girder will be 3/2. 

According to the rules already laid down the greatest 
shearing strain on the web is equal to half the total 
load, or 17 tons, and allowing 3 tons per sectional square 
inch as safe stress on the web, we find 

3 ) 17 tons' load, 
5'66 square inches. 



The depth of the web is 20 inches less the thickness- 

of the top and bottom flange plates, or 

20 inches total depth, 
1 inch sum of thickness of flange plates. 

19 inches depth of web. 

Let the web be \% of an inch in thickness, then 

19 inches deep. 
5_ 

16 ) 95 ( 5-9 square inches. 
80 

150 
144 

6 
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Eacli end of the girder ahotdd be strengtihened by an 
end plate of the same thickness as the flange plates, and 
there should also be three T irons on each side of the 
web to act a3 stifleners; these should measure five 
inches on the back by three through the feather, the 
metal being half an inch thick. These T irons will also 
serve as covers to the joints in the webs. We can now 
proceed to calculate the weights of the girder under con- 
sideration : — 

A bar of iron 1 square inch sectional area and 1 foot 
long weighs 3^ lbs., and from this datum we can deter- 
mine our quantities. In the first place we have plate 15 
inches by i inch ; that is, 7*5 inches in area, the length 
used being 

FeeL 

Two flanges, each 20 feet . 40-0 
Two covers for each — ea. 4 feet 8-0 
Two end plates — ea. 1 ft. 8 inches 3«3 



51*3 feet length, 
7*5 inch. area. 



2565 
3591 

384-75 
3-34 lbs. per ft. 



153900 
115425 
115425 



12850650 lbs.of plate 
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The web plates amount to 20 feet of plate, haviiig an 
area of 5*9 inches : — 

20 feet length, 
6-9 inches' area. 



180 
100 

118-0 
3-34 lbs. per-foot. 

472 
854 
354 

394-12 lbs. weight of web. 

Of angle-iron running round the girder on both sides 
of the web, we hare 

Feet. 

Top and bottom flanges 80*0 
End plates • . • 6-6 



86-6 feet length, 

5-5 square laches' area 

of angle-iron 

4330 

4330 



476-30 

3-34 lbs. per foot. 

19052 
14289 
14289 

1590-842 lbs. weight of 
'" angle-iron. 
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The length of T-iron stiffeners (six, each 19 inches) 
will be 9*5 feet; the sectional area is thus 
found : — 

5 inches' breadth, 
3 „ depth, 

8-0 
'5 inches' thickness, 

7-5 
'5 inches' thickness, 

3*75 square inches' area. 



Hence the weight of the T irons will be— 

9'5 feet length, 
3 '75 inches' area. 



475 
665 
285 

35-625 
3-34 lbs. per foot. 



142500 
106875 
106875 

118-98750 lbs. weight of T iron 



By adding all these weights together, and allowing 5 
per cent, for rivet heads, we get the total weight of ibB 
girder, dropping the decimals—' 
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lbs. 

Plates, 15 incli by J incli • • 1285 
Webs, 19 inclieB by A „ . 394 

Angle-iron, 3 incli. by 3 inch, by J inch 1591 
Tee-irons, 5 inch, by 3 inch, by J inch 119 

3389 
5 per cent, for rivets . 169 

2240 ) 3558 ( 1-59 tons 
; 2240 [nearly. 

13180 
11200 



19800 



Assuming this work can be completed at £12 per ton, 

the cost per girder will be — 

1-59 
12 



£ 19-08 
20 



1-60 
12 



d. 7-2 



In all, £19 1/7. Let us now see what amount per cent. 

was saved on this by shortening the cover plates to four 

feet. The total cost is £19*08, the saving effected is, 

per girder, 2/4, which is equal to £0-116 nearly — 

•116 
100 

19-08 ) 11'600( 0-6 per cent. 
11448 



152 



Hence this saving is hardly worth effecting. 
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Such girders as this, when put up, should be very 
carefiilly bedded, so as to avoid any lateral or twisting 
force upon them, and the rivets on the bottom flange at 
each end where the bearing is taken on the points of 
support, should be countersunk flush with the surface of 
the girder, so that the plate itself may take a bearing on 
the piers. Beams thus used to support walls are not 
usually liable to much vibration ; but in some cases they 
are, as, for instance, when used in buildings which, 
being founded on sandy soil, are shaken by passing 
vehicles. 

The method of designing the girder will be the same 
in all cases where the load is uniformly distributed, but 
the amount of such load must always, in the first 
instance, be very carefully determined. 

If the load, or a portion of the load, consist of an 
assembly room, where there is liable to be a crowd, the 
greatest weight of people that the room can hold must 
be taken as the maximum load. 

It may be safely assumed that six men will occupy one 
square yard of floor surface, each man on the average 
being supposed to weigh 160 pounds; hence, the live 
load which may come upon any floor per square yard h 

160 
6 



960 lbs. 



Hence, to find the total load on any given floor, wo have 
the foUowing rule :— 

KuLE. To find tho maximum load that can come upon any floor 
due to persons standing on it, multiply the length in foot by 
the breadth in feet, and divide the product by 21, then tho 
quotient will be the liye load in tons. 
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Example. — Bequired the load in tons on a floor 50 feet 

by 75 feet :— 

75 
50 



21 )3750( 179 tons (nearly), 
21 



165 
147 

180 



Of course no general rule can be given for merchan- 
dise, the weight of which must be ascertained for each 
special case. 

It does not always happen that the girders used in 
buildings are under a uniformly distributed load, as 
sometimes they are required to sustain a central load or 
some other concentrated load. The stress thus thrown 
'upon the flanges may be determined by the rules 
already laid down in a previous chapter. The maximum 
strain in each case will be immediately under the load. 
Supposing the ratio of depth to span adopted to be as 
above taken, 1 to 12, then the rule for the area of flange 
of a wrought-iron girder for a central load will be : — 

Rule. To find the sectional area of either flange in square inches, 
multiply the load in tons by 0*75 for a central load. 

Example. — ^Required the sectional area of the flanges 

of a girder to support a load of 156 tons in the centre 

of its span. 

156 tons' load, 
•75 



780 
1092 



117-00 sectional square inches. 
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If the load is not central, the following mle will 

serve : — 

HuLE. To find the sectional area of either flange under a concen- 
trated load not in tho centre of the girder, multiply the diB- 
tanco of one point of support in feet from the point of application 
of the load by the distance of the other support in feet from 
tho load ; multiply the product by the amount of the load in 
tons and by 3, and divide by the square of the span in feet ;— 
the quotient will be the required sectional area in square inches. 

Example. — ^Let it be required to find the sectional 
area of either flange of a girder 20 feet in span, which 
has to carry a load of 14 tons at a distance of 7 feet 
from one pier ; then the distance firom the other pier 

will be 13 feet. 

13 feet, 

1. '' 
91 

14 tons' load, 



364 
91 

1274 
3 



Square of span, 4,00 )38,22 



9*555 square inches. 



If, however, there bo two equal loads placed equi- 
distant from the centre of the span, then the maximum 
strains will exist at tho two points under such loads, 
being equal ; and the sectional area of the flange may 
be found from this rule : — 

Rule. To find the sectional area in square inches of either flangv 
of a girder to carry two equal loads placed equidistant from 
the centre of the span, multiply one of the loads by iti 
distance from the nearest point of support in feet, and divide 
the product by four times the depth of the girder in feet. 
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Example. — ^A girder is required to carry two loads of 
] 1 tons eac^, so placed as to be each one 9 feet from 
the nearest pier or point of support, the depth of the 
girder being 2 feet : — 

Feet. 

Depth of girder, 2 11 tons' load, 

4 9 feet distance, 

8)99 



12*375 square inches. 

It will here be noticed that so long as the distance of 
the loads from the piers remains unaltered, the span of 
the girder does not enter into the calculation of the 
area. 

When the loads to be carried are very considerable, 
it is usual to apply girders having double webs, being 
like two I girders put together thus, H forming what 
is called a box girder. These also possess greater 
lateral rigidity than the single-webbed girders, and are 
specially suitable where wide flanges are required, in 
which case the flanges gain much in rigidity by the 
additional web. 

In designing ordinary girders for building purposes, 
the stiffeners should be in proportion to the angle-irons, 
and placed on both sides of the web, if single, or one 
outside each web, if double, at distances of about five 
feet apart. If there is much vibration, the stiffeners 
must be put closer together, and where very heavy loads 
are to be sustained, one or two extra stiffeners should 
be introduced over the points of support. If the general 
angle-irons be 3 in. by 3 in. by J in., the tee-irons 
should be 5 in. by 3 in. by J in. ; if the angles are 4 in. 
by 4 in. by f in., the tee-iron should be 6 in. by 3^in. 
by f in. 
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As a general rule, fhe metal of angle irons should 
nevBr in thickness be less than i of the length of the 
longest side. 

Thus an angle-iron 4 inches by 3 inches should not 
be less than i-inch thick. A very serviceable-sized 
angle-iron for average work is that which measures 3^ 
inch by 3i inch by i inch thick. If angle-irons having 
unequal sides are used, the broadest side should be 
placed against the flange of the girder, as the more 
metal there is at the greatest distance firom the centre 
of the girder the greater will be its strength. It is 
evidently desirable to have as few joints in a girder as 
possible ; hence it is desirable to have the plates as 
long as may bo without running to extra expense, for 
when plates got over a certain weight they require 
extra men to handle them, hence cost more per ton, 
both in production and in subsequent working. Ten 
feet is a very convenient general length for flange- 
plates, but if light they may sometimes be used 12 to 
15 foet in length. Angle-irons up to 4 inch by 4 inch 
by i inch may be easily obtained over 30 feet in length, 
hence in nearly all warehouse and similar girders the 
angle-irons can be run in one length from end to end 
of the girder, thus avoiding any joint in the angle- 
irons. 

In applying stiffeners to a girder on the sides of the 
web, it is evident that their ends must be bent or 
joggled or else have a packing-piece under it, the latter 
plan being generally the most economical. 

These two methods are shown in Fig. 31. In the 
first view the T-iron stiffener is bent. ^ is a plate of 
the main flange in section, h the web, and c the T-iron 
bent as shown at the top over one limb of tho angle- 
iron, which unites tho flango to tho web-plates of 
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C! 



r 



r 



the girder. In the second view d shows the flange- 
plate, e the weh-plate, and / the T-iron stiffener, which 
is brought up to the ^ 2=^^^. 3 1. d 

level of the vertical 
limb of the angle-iron 
by having under- 
neath it a packing- 
piece shown shaded 
at^. 

The method to be 
adopted depends upon the length of the stiffeners prin- 
cipally, for which the cost of bending the ends is 
constant and independent of length ; the weight and 
cost of packing-pieces vary directly as their lengths 
hence there is a point at which the cost of working 
the iron is equivalent to the cost of packing-pieces. 

We must now pass from girders to treat of the 

columns by which they are frequently supported, and 

which are also commonly applied for other purposes 

where loads have to be sustained. Hollow cast-iron 

columns are most commonly used, and their strength 

was some years back determined experimentally by the 

late Professor Eaton Hodgkinson, iwho tried columns of 

Low moor iron and arrived at the following rule, which, 

however, can only be worked by the aid of a table of 

logarithms. 

Bulb. To find the breaking weight of a hollow cast-iron column 
in tons, multiply the logarithm of the outer diameter in inches 
by 3*6, and also multiply the logarithm of the inner diameter 
in inches by 3*6 ; find the natural numbers corresponding to 
the two logarithms thus obtained and subtract the latter from 
the former, multiply the remainder by 44. Find the logarithm 
of the length in feet, multiply it by 1*7» find the natural 
number corresponding to this logarithm, and by it divide the 
former product. 
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This rule applies to coluxnnu liaving a lengiih of more 
than thirty times the diameter. 

Example. — ^Required to know the breaking weight of 
a column 14 feet high, 12 inches outside and 10*5 inches 
inside diameter. 

(The logarithms are found from the Table of 
Logarithms of NumberSj p. 35 of the Author's "Engi- 
neer's Pocket Remembrancer.") 



Log. outer diam. (12 in.) 1-079181 

3-6 




6475086 
3237543 


■ 


3*8850516 


Number 7676 


Log.innerdiam.(10*5in.) 1*021189 

3*6 




6127134 
3063567 




3*6762804 


Number 4745 




2980 
44 




11720 
11720 



This is the first product • — 

Log. of length (14 feet) 1-146128 

1*7 



8022896 
1146128 



128920 



1*9484176 Number 88*8 
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88-8 ) 128920-0 ( 1452 tons nearly. 
888 



4012 
3552 

4600 
4440 

"l600 



Hence, allowing ^ as the safe working strength of the 
eolumny we should have — 

8)1452 

181*5 tons' safe load. 



OHAPTEE VI. 

ntON BOOFS. 

FfiOM its strength, durability, and incombustible nature, 
iron is a material eminently suitable for the construc- 
tion of roof principals and purlins for warehouses, ralL 
way-stations, factories and store-houses; and, more- 
over, it admits of being arranged in such forms as will 
occupy a niiniTnum space. £oo£3 admit of being clas- 
sified under four distinct heads : — 

1st. E00& supported by triangular trusses or prin- 
cipals. 

2nd. Eoofs supported by arched trusses or principals. 

8rd. Boofs supported by straight girder trusses or 
principals. 

4th. £006 supported by dome-shaped £cams^C(t\L« 
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The actual loads to wMcIi a roof may be snbjeot oon- 
sists of three elements, viz. : — 

The weight of the main principals^ &c.| 
The weight of the covering used, 
The weight of snow, ice, &c. 

for any particular case the two first elements will be 
constant, but the last must be taken for Tnaximum cases. 

The load due to weather can of course only be de- 
termined from the nature of the climate in the locality 
for which the roof is required, by which also to a veiy 
great extent the material used for the covering will be 
determined, but conjointly with the purpose to which 
the structure is to be applied. Thus in some cases, 
such as for sheds in temperate climates, corrugated iron 
sheets, weighing 6 or 7 lbs. per square foot, may be used, 
whereas in other instances, as for exposed buildings in 
tropical climates, thick coverings of sand or concrete 
may be required to exclude the intense heat, and we 
have known of cases in which it has been stipulated 
that roof principals should be tested with a load of 
100 lbs. per square foot of area. In such positions, as 
we are much exposed to wind, care must be taken to 
prevent the covering being blown off by the wind 
getting underneath. 

Obviously in all cases of roofs the load may be taken 
as uniformly distributed over the whole area of Babh 
roof, hence if it be required to find the load on any 
one principal it may be done by means of the following 
rules; — 

BuLE. To find tlie total load on any main pxincipal in pounds 
multiply the total load per square foot by the span of tM 
principal in feet and by the distance between two contigQOfli 
principals in feet, the product will be the total distritaM 
load in pounds on each principal. 
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Example. — ^Let it be required to find the total load in 
pounds on a principal in a roof 60 feet span, the load 
per square foot being 30 lbs., and the distance between 
the principals 10 feet : — 

30 lbs. load per foot, 
50 feet span of principal, 

1500 

10 feet distance between principals, 

15000 lbs. total load on principal. 

This may, if required, be reduced to tons by dividing 
by 2240 thus :— 

2240 ) 15000 (p-69 (say) 6-7 tons. 
13440 



15600 
13440 

21600 
20160 

1440 



To find the load per foot run of the main principals, 
we have— 

BuLE. To find the load in pounds per foot run on a main principal, 
multiply the load in pounds per square foot of roof by the 
distance in feet between two principals — ^the product will be 
the required load. 

Example. — ^Let the load per square foot be 25 lbs., 
and the distance between the principals 12 feet, then 

25 lbs. load per square foot, 

12 feet distance between principalsi 

300 lbs. load per foot run of principal. 
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Let US take, as a general example, a light shed-roof of 
whicli each prmcipal consists of two rafters meeting at 
the centre of the span, and having their ends tied by a 
horizontal tie-bar supported in the centre by a vertioal 
tie-rod passing up to the crown of the roof. The two 
rafters will sustain the load, their ends being prevented 
from spreading by the tie-rod connecting them; the 
vertical rod only serves to prevent the tie-rod fix)m 
sagging. This will in effect be the truss shown in 
Eig. 13, but in an inverted position. 

Let the span of the roof be 12 feet, its rise or height 
in the centre 2 feet 6 inches, the length of each rafter 
will be 6 feet 6 inches. 

Let the maximum load be 20 lbs. per square foot, and 
the distance of the principals apart 10 feet, then, by 
the above rule, the load on each principal will be 
found, — 

20 lbs. load per foot, 
12 feet span, 

240 
10 feet distance between principals, 

2400 lbs. load on principal. 

But the rafters being equal, each of them will oany 
one half of this load, or 1200 lbs., and the mazimum 
strain on each rafter will be found from the role as 
follows : — 

BuLE. To find the maximtun strain on each rafter, multiply fh0 
load in pounds oh the rafter by the length of the rafter in fta^ 
and divide the product by the height of the roof in Ibet ; fhB 
quotient will be the strain on the rafter (thrust) in poimdi. 

This, the maximum strain on the rafter, occurs at iti 
root| from which point the thrust diminishes towaidi 
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the crown of the roof; but the practice is, in build- 
ing large roofs, to make the rafters of the same sec- 
tional area throughout. 

In the above case the maximum strain is thus 
found : — 

1200 lbs. load on rafter, 

6*5 feet length of rafter 

6000 
7200 



Height of roof 2-5 ) 7800-0 ( 3200 lbs. thrust on rafter 

75 (nearly). 

30 



Allowing 6000 lbs. per square inch of sectional as a safe 
strain on wrought-iron, the theoretical area of the rafter 
would be 

6000 ) 3200 lbs. thrust, 

0-533 square inches, 

which would be fiimished by a T iron of which the web 
was 1^ inches, and the back or flange 1 inch wide, the 
metal being }-inch thick ; but this would be insufficient 
to carry the transverse or bending strain due to the 
load on the rafter; hence it will be necessary to use 
stronger rafters, or to carry a strut &om the foot of the 
central vertical tie or king-rod to the centre of the 
rafter. 

We will consider the web part of the T iron as 
carrying the load in the manner of a beam resisting 
transverse strain, and determine what depth would be 
requisite, the thickness of metal being taken at half an 
inob| to sustain the load of 1200 lbs. which rests upon 
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each rafter. The effective span of each rafter is repre- 
sented by the horizontal distance between the foot of 
any rafter and the centre or crown of the principal; 
this will evidently be one half of the whole span of the 
principal, and therefore 6 feet, the load being nnifoimly 
distributed. The rule by which the depth of the bar 
will be determined is as follows : — 

BuLE. To find the depth in inches of a wrooght-iron bar to cany 
a load producing transverse strain, multiply the load in 
pounds by the span of the bar in feet, divide the product by 
600 times the breadth in inches, then the square root of the 
quotient will be the required depth in inches. 

As resistance to transverse strain is a property requi- 
site in roof rafters, the T irons used in their construc- 
tion are usually made of a depth which is large in 
proportion to ihe width of the flange or back of the 
T iron. 

Applying the foregoing rule to the case under consi- 
deration, we obtain the following result : — 

Breadth of bar 0-5 1200 lbs. load on bar, 

600 6 feet span of bar. 

300-0 ) 7200 

24 



The square root of 24 is nearly 5 inches ; hence, in this 
case, it woidd be preferable to apply the strut refeiiej 
to, when the depth of the T iron might be safely reduced 
to 2 inches, sufficient strength being given by a bar 
2 inches by 1 J inches by i inch thick ; but by adopting 
this arrangement it must be remembered that one half 
of the load on the whole principal will be transmitted 
through the king-rod or vertical tie, thus producing <m 
it a strain of 1200 lbs. 
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If *we allow 10,000 lbs. per sectional square inch as 
Bafe load upon wrought-iron suspension rods, the sec- 
tional area required for this tie-rod will be 0*12 square 
inch ; hence we may apply a round bar 7-16 of an inch 
in diameter, which will give an area of 0*15 square 
inches. 

The strain on the tie-bar joining the lower extremitieis 
of the rafters will be found from the following rule : — 

ExJLE. To find the tension on the tie-bar in pounds, multiply the 
whole load in pounds on the principal by the span of the 
principal in feet, and divide the product by eight times the 
lise of the roof in feet ; the quotient will be the required 
tension in pounds. 

In the present case the whole load on each principal is 
2400 lbs. 

Eise of roof ,2-5 2400 lbs., 

8 12 feet span, 

__ I- 

2,0-0 ) 2880,0 

1440 lbs. tension on tie-rod. 



Allowing, as before, 10,000 lbs. per square inch as safe 
strain, the area of the horizontal tie must not be less 
than 0'144 square inches ; hence a half-inch round rod 
may be used, which will give an area of 0*196 square 
inch. 

The joints of the rods and struts may be determined 
according to the general principles and methods shown 
in Chapter IV. 

If the roof be pitched at such a slope that snow 
instead of lodging on it slides off, not being obstructed 
by parapet walls, then the load becomes so exceedingly 
slight in cases like that under consideration, that the 
proportioning of the rafters and ties becQm.Q^ ^ \fiL«t.^ 
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matter of adoptmg a rigid form, and in many caseB 
where corrugated iron forms the covering, it is not 
necessary to have any principals at all in the work — ^the 
corrugated iron being curved to a circular form, and so 
retained by light tie-rods. 

We will now take an example of a roof of a larger 
description of which we shall assume the principals to 
be circular arches, having the section of an ordinaxy 
flanged plate girder. 

Let the span of the roof be 120 feet, its rise being 
15 feet, and the distance between the principals 20 feet, 
and the maximum load, per square foot, 40 lbs. The 
total load on each principal will be— » 

40 lbs. per foot, 
120 feet span, 

4800 

20 fk. distance between principakf 

96000 lbs. 



Or reducing this to tons, we have 

2240 ) 96000 ( 42*85 tons nearly* 
8960 

6400 
4480 

19200 
17920 

12800* 
11200 

^1600 

To find the thrust at centre we have the following 
rule: — 

BuLii. To find the strain in tons at the centre of an axoh, multa 
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the total load in tons on the arch by the span of the arch in 
{eel, and diyide the product by 8 times the rise of the arch in 
feet. The quotient will be the required strain. 

In the present case we have 

Bise - 15 42*85 tons load, 

8 120 feet span, 

12^ )514,2-00 

42*85 tons strain at centre. 



For this class of work we may allow 4 tons per sec- 
tional square inch as a safe strain, hence the sectional 
area required at the centre will be 

4 ) 42*85 

10-7125 square inches. 



The total depth of the central section may be made 
10 inches, and the width of the flanges 5 inches, the 
thickness of the flanges being f ths of an inch, and that 
of the web plates J-inch, these being connected together 
by angle-irons 2 inches by 2 inches by f -inch thick, 
then the sectional areas will be as follows — ^being deter- 
mined by rules already given in a previous chapter : — 
Sectional area of 2 flange plates, 5 in. by f -in. 3*75 sq. ins. 
„ „ 4 angle irons, 2 in. by 2 in. by f -in. 5*43 „ 
„ I, 1 web plate, 9J in. by J-in. - 2*31 „ 

Total sectional area - 11*49 ,, 

Thus we have a sectional area somewhat in excess of 
that required according to the calculation. 

The width (or depth) of the web plate is found by 
deducting the sum of the thicknesses of the flange plates 
&om the total depth of the girder ; thus the thickness 
of each flange plate being |-inch the sum of the thick- 
nesses of the two will be f -inch, which) di^^oojc^/d^ i:t^-a^ 
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10 inches, the total depth of the zib, leares 9^ inches foi 

the depth of the web plate. 

We must, in the next place, ascertain the sectional 

area at the points of support, or abutments, the strain 

at which point will be found by the following rule : — 

KvLB. To find the thrust in tons at the abntment of an arch, 
square the thrust in tons at the crown of the arch and add to 
it the square of half the total load in tons on the azch, extract 
the square root of the sum, and the result will he the throst in 
tons on the abutment of the arch. 

As stated above, the strain at the centre or crown of 

the ribs is 42*85 tons, and the total load on the arch is 

also 42'85 tons, hence half the total load on the ribs 

will be 

2 ) 42-85 

21-425 tons. 



The thrust at the abutments will be found as follows :— 

42*85 thrust at centre, 
42-85 



99 99 



21425 
34280 
8570 
17140 

1836*1225 square of thrust at centre. 



21-425 tons half total load, 
21-425 



)> If 



107125 
42850 
85700 
21425 
42850 

459-030625 square of half total load, 
1 836-1 225 square of thrust at cental 



2295-153125 sum of squares. 
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The square root of this sum must now be extrcicted ; 
it will be enough for practical purposes to take it to 
four places of decimals. 



• • • • 



4 ) 2295-1531 ( 47'90 tons nearly. 
J16 

87 ) 695 
609 



949) 8615 
8541 



9580) 7431 

Allowing, as before, 4 tons per inch as safe strain on 

the metal, the sectional area required at the abutments 

will be — 

4 ) 47-9 

11-975 square inches. 



By gradually increasing the depth of the rib from the 
centre towards the abutments, so that at the latter it is 
13 inches deep, the additional area due to increased 
depth of web will be equal to 3 inches by J-inch, or 
0*75 square inches ; hence, adding this to the sectional 
area at the centre of the rib, the sectional area at the 
abutment will b< 



11*49 inches at centre, 
-75 J, additional, 

12*24 ,, at abutments, 

which is slightly in excess of what is required by 
calculation. 

A few remarks are now necessary as to the con- 
struction of the ribs or arched principals. 

The correct form for an arch which is \o^^<^^ ^Sfisv «s^ 
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unifonnly distributed load is that of the parabola, but the 
true curve will, in the case of arches fozmed as ciicolai 
segments, be found to be contained between the inner 
and outer flanges — ^that is, between the intrados and 
extrados of the arch — provided that the rise of the arch, 
or its versine, be not very great in proportion to the 
depth of the ribs, hence the circular form is commonly 
adopted. There is, however, no reason why the arch 
should not be made to a parabolic curve, as it is as ea^ 
to set out in marking the metal as is the circle. 

A rib of the description to which we have been 
referring should have stiflening irons of angle or tee 
iron rivetted on to the web at intervals of four or five 
feet, or sometimes closer, as the web being made thin 
is not of itself sufficiently rigid to preserve the relative, 
distances of the top and bottom flanges of the rib. 
These stifleners are usually proportioned according to 
the size of the angle-irons used to connect the flange 
plates with the web plates ; thus in the present instance, 
where these angle irons are 2 inches by 2 inches by 
|-inch, if tee-irons were used they should be made 
3^ inches by 2 inches by f -inch. The purlins, which 
axe supported by the main principals, may consist of 
angle or tee irons, or where the load to be carried is 
great^they may be flanged girders, either rolled or made 
of plate and angle iron and rivetted up, but in any case 
they are calculated according to the rules already laid 
down for beams subject to an imiformly distributed 
load. The amount of load upon a purlin may be a0oe^ 
tained from the following rule : — 

Rule. — ^To find the load on any purlin of a roof, multiply the load 
per square foot on the roof by the distance in feet between fha 
main principals, and by the distance in feet betwefin thi 
purlins. The product will be the load on one purlin. 
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Example. — Let the distance between the main prin- 
cipals be 20 feet, that between the purlins 4 feet, and 
the weight of the covering of the roof 8 lbs. per square 

foot: — 

8 lbs. per square foot, 

20 feet distance between principals, 

160 
4 feet distance between purlins, 

640 lbs. load on each purlin. 

Let it be assumed that these purHns are to be rolled 
girders four inches in depth ; it is necessary to deter- 
mine the sectional area of the flanges ; the rule for strain 
on either flange at centre isr— 

BuLE. To find the strain in pounds on either flange of a girder at 
the centre, multiply the total load in pounds on such gix^dLei 
by the span of the girder in feet, and divide product by 
eight times the depth of the girder in feet. 

Li the present case we haye-— 

Depth of purlin - -33 640 lbs. load, 

8 . 20 ft. lengttL of purlin 

'2-66 ) 12800-00 ( 4816 lbs. strain 
1064 nearly. 

"2I6O 
2128 

"^0 
266 

1540 

Prom this It will be seen that in ordinary cases of light 
covering the strain on the purlins is almost nominal, so 
that what we have to attend to is to see that the^ ^s.^ 
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sufficiently deep to give the required rigidity. Let us, 
therefore, instead of considering them to be rolled 
girders, regard them as bars placed on edge and half 
an inch thick, and determine the required depth te 
sustain the load. 

We find it as follows : — 



Breadth in inches - 


■ -5 


640 lbs. load 






600 
3,00 


20 ft. span of 


purlin. 




) 128,00 






5 must 


42-66 




square root of 42*6i 


now be found- 




6 ) 42-66 ( 
36 


6-5 inches nearly. 




125 ) 666 








625 








41 









Of roofs supported by straight girders, having either 
lattice or plate webs, it is here only necessary to remark 
that they are treated according to the ordinary rules for 
such girders already set forth in a previous chapter. 

The framework of a dome-shaped roof may be 
regarded as being formed by a number of arched prin- 
cipals intersecting each other at one common point; 
hence, the ribs may be treated as arches ; but in deter- 
mining the load upon each the mean distance must be 
taken between them, and multiplied by the load per 
square foot to which the roof will be subject. 

We shall not dilate further upon roofs, our object 
being to show by one or two examples how the rules 
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already ftdly set forth are in practice brought to bear, 
"without encumbering our space with special cases of a 
lengthy description. 



CHAPTER VII. 

IBON FLOOES. 

Inon floors are used for two reasons. In the flrst place, 
iron is the most suitable material to employ where very 
heavy weights have to be supported; and, in the next, 
it is fire-proof; and it may also be added that in many 
places iron .girders act as ties to the walls of large 
buildings. 

- As to the calculations of the girders used in iron floors 
but little need be said in this place, as, the loads being 
given, these gii»ders are, as a matter of course, calcu- 
lated in precisely the same maimer as those employed 
for any other purposes where loads have to be sus- 
tained. 

On the other hand, as regards the application of ii*on 
to fire-proof floors, there is much to be remarked both 
pro and con. What is required in a fire-proof floor is : — 

1. That it shall be incombustible. 

2. That it shall not spread combustion by transmitt- 
ing heat freely &om one combustible body to another. 

3. That it shall not lose its strength or rigidity imder 
the action of the greatest heat likely to be evolved in 
accidental flres in buildings. 

4. That the materials of which it is composed shall 
not ii\jure the walls of the building of which it forms a 
part. 
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The first condition is perfectly complied with in iron, 
as, although this metal is chemically combustible, yet 
practically it is perfectly incombustible in large masses. 

The second requirement demands careful considera- 
tion, for it is certain that iron is a good conductor of 
heat, and will, in fires of long duration, become red hot, 
or even white hot, in which case it may, when other 
circumstances favour such a result, cause a fire which 
has occurred in one apartment to be transmitted to one 
above or below it, hence iron girders used in the con- 
struction of floors shoidd not be so arranged as to allow 
of their remaining in contact with combustible bodies. 

To fulfil the third condition cast-iron is evidently 
better suited than is wrought, as the latter &om its 
malleability will soften when exposed to a very high 
temperature, and is, therefore, more liable to bend and 
give way than cast-iron, though the latter will some- 
times fail by cracking. 

The last stipulation iron scarcely accords with, on 
account of the changes of size which occur under 
changes of temperature ; thus the expansion and con- 
traction of long girders under the influences of a fire 
and the subsequent cooling may seriously impair the 
stability of the walls of a building. 

Oonsidenng all things, then, we observe that when 
iron is used in the construction of a fire-proof fioor it 
should itself be protected &om fire as much as possible, 
and that for several reasons : first, in order that it may 
not become red hot, and by conducting the heat from 
one plaee to another extend a conflagration ; second, to 
counteract great and rapid changes of dimensions by 
excluding heat, or rendering its influence upon the 
metal more gradual in its action ; and thirdly, to pre- 
vent the girders from being cracked or split through 
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water falling npon fhem wlien in a highly heated con- 
dition. 

Hence we come to the conclusion that to attain the 
most BatisfiaGtory results the floor must be of a compound 
character, consisting of iron in combination with some 
non-conducting material. 

A method rather extensively used some years since 
consisted in laying brick floors on cast-iron ^rders ; the 
girders were made of the ordinary section proposed by 
Eaton Hodgkinson, — ^that is, having a small topflange 
and a large bottom one, — and being placed parallel to 
one another, brick arches were turned between them. 
The spaces on the springings ,of the arches were filled in 
with concrete or some otilier similar composition, which 
is a bad conductor of heat, and therefore prevents the 
iron from conveying the heat from one apartment to 
another ; but here the difficulty of expansion and con- 
traction is not overcome, for the lower flanges of the 
girders are exposed to heating from the combustion of 
materials beneath them. 

Another kind of flre-proof floor is made of bricks so 
formed as to flt together, somewhat after the style of 
a joggled joint, but in such a way as to form a very 
flat brick arch, having a very trifling rise. Of course in 
such an arrangement the thrust at the springing sides of 
the floor is enormous in proportion to the load supported, 
but this does not come upon the side walls, being taken 
up by a number of tie-rods, which may pass under or 
even through the bricks, which are made hollow; There 
is much ingenuity in this mode of construction, but 
there are two causes of failure to be apprehended. The 
tie-rods being of wrought-iron would be apt to become 
ductile in the temperature accompanying a Are of any 
magnitude, when, stretching even a little, so flat an arch 
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as that tied by it would yield under its own weight, and 
by faUing form a new source of danger. Again, there 
is the possibility of ordinary changes of temperature 
between summer and winter, causing a settlement of the 
arched floor, and a corresponding displacement of the 
walls of the fabric in which it is contained. 

In making floors supported by straight girders the 
expansion and contraction of the metal may be allowed 
to proceed without producing any deleterious effects by 
inserting the ends of the girders into loose sockets or 
boxes, in which they can slide, so as to allow for altera- 
tions of length accompanying variations of temperature. 
These girders may be coyered with flags of refractory 
stone, such as will not very readily split with heat, and 
in addition to this the lower flanges may carry light 
plates of cast-iron, forming a sub-floor, to intercept heat 
or flame rising towards the stone above and thus render 
ihem more safe from cracking, besides serving to pre- 
vent their falling through, and leaving a hole in the 
floor if they should from any cause give way. This 
is a somewhat heavy floor, but we are inclined to think 
it a sound one. The stones should only rest upon the 
girders, but the cast-iron plates beneath should be 
secured to them, as they will serve to brace them late- 
rally, and wiU expand and contract in the same manner. 

Where flat cast-iron floor-plates are used to support 
any weight, the following rule may be useful to deter- 
mine the proper thickness of metal to use : — 

Rule. To [find the thickness of cast-iron floor-plates in inches, 
multiply the square root of the load in pounds per square foot 
on the plates by the length of the plates in inches, and divide 
the product by 380, the quotient will be the required thickness 
in inches. 

Example*— Let the length of the plates be 30 inches^ 
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and fhe maximum load to wliicli they will be subject 
144 pounds per square foot, which, would be a fair 
allowance. 

The square root of 144 is 12, hence we have — 

12 square root of lead in lbs.' per foot. 
30 length of plates. 

880 )360-0( .97 thickness of plates 
3320 



2800 
2660 
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or something in excess of nine-tenths of an inch, hence 
practically such plates would be made one inch in 
thickness. 

Instead of using fiat cast iron plates, curved or corru- 
gated plates may, with much advantage, be substituted, 
inasmuch as the curving adds very materially to the 
strength of the fiooring, and so allows of thinner 
material being used. In iron floors for bridges curved 
wrought iron plates, varying from three-sixteenths of 
an inch to three-eighths of an inch, are now coming 
largely into use, but for the reasons abeady stated they 
are not suitable for fire proof fioors. 
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CHAPTER VnL 

laSOZLLANEOUS IKON STBUCfTXTEES. 

In addition to those iron structures which may be 
specially classified as bridges, roofs, &c., there are 
numerous others, composed of girders, columns, &c., of 
a miscellaneous character, which we must here briefly 
notice. 

Iron piers are now frequently formed of a number of 
iron piles, screwed or otherwise sunk into the ground, 
at moderate distances apart, and carrying on their 
summits the girders and flooring comprised in the 
superstructure. Formerly, cast iron piles were princi- 
pally used in these works, but during the last few years 
wrought iron piles have come pretty generally into use, 
being made of various diameters, varying jfrom three to 
seven inches in diameter. These piles, although having 
the disadvantage of being much more costly l^an those 
of cast iron, yet possess superior properties more than 
counterbalancing that evil, as the wrought iron is not sq 
liable to rupture from collision of floating bodies as the 
cast, and if fairly protected is also more durable, and 
less trouble in erection. On the tops of the piles are 
fitted caps, to the flanges of which the girders carrying 
the platform may be bolted, and between the piles are 
ties or bracing bars to retain them in position, and 
maintain the general form and rigidiiy of the structure. 
The bracing bars are attached to the piles by means oi 
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clips enoompasemg the piles, and holding 4he eads of 



Fig. 32. 



the biftdng- him be- 
tween tlieir Sangee, 
aa showiL in Fig. 32, 
where a represents a 
round bracing bar, 
flattened at its end, 
and fijrmed into an 
eye, which is placed 
between the ends of 
the clip e, and secured 
there by the bolt d, 
which, in tightening 
up, aleo causes the 
dip firmly to embrace 
tike pile h. It will 
be observed that in 
this arrangement the 
position of the clip 
may be determined 
to suit the length of 
the bracing bar by 
slipping it up or down 
the piles, as the 
(nrcumstances of the 
case may require. Another mode of adjustment is 
shown at /, which represents a screw shackle, having a 
right-handed screw at one end and a left-handed screw 
. at the o&er, the shackle receiving the end g of the 
halves of the tie^ar. By this means the practical 
length of the tie may be regulated by turning the 
shat^e to Uie right or left, according as it may be 
desired to lengthen or shorten ilie tie. 
That some means of ad}usting tiie length of bracing 
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bars is absolutely indispensable is evident, for it is 
impossible to be certain of putting down the piles of a 
pier dead true, as the inequalities of the soil may be 
such as to cause their deviation to a slight extent from 
the position which they were designed to occupy. 

When the wrought iron piles are too long to be made 
in one piece they may conveniently be joined by 
couplings, preferably made of steel, and fixed by bolts, 
as shown at e in the above woodcut. No general rule 
can be laid down for determining the scantlings of 
these bracing bars, as they are usually proportioned by 
practical experience in the construction of such works, 
regulated by a due consideration of the exigencies of 
climate, &c., to which the proposed structure will 
probably be subject. It may here be observed, that in 
regard to bracing designed to resist vibration, and 
ensure general rigidity, that the strains upon such 
bracing is not susceptible of calculation the same as in 
the case of inclined bars bearing loads, hence a familiar 
acquaintance with practical examples alone can guide 
us in this matter. 

Similar in general principles of construction to piers, 
are lighthouses and beacons, which may conveniently 
be carried upon iron piles, well braced together so as to 
resist the storms to which works are exposed, and, it 
wiU be seen, that the open braced work carrying the 
superstruction of a wrought iron light-house, by not op- 
posing so large a surface to the action of the waves as 
does a mass of solid masonry, stands much less chance 
of being injured or swept away in a hurricane. 

Moles and breakwaters have always occupied much 
attention amongst engineers who devote themselves to 
marine practice, and several methods for forming them 
of wrought and cast iron have been promulgated, and 
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one we may especially allude to. It consists of a num- 
ber of cast or -wrouglit iron girders arranged in a step- 
like form, but at a certain distance apart, so that as the 
waves break upon the girders, the water does not rush 
back upon the following wave, but falls harmlessly 
through the girders into the tranquil waters, protected 
by the structure. The cast iron girders forming the 
breakwater proper may be sustained upon cast or 
wrought iron piles firmly set in the subsoil. 

In all kinds of braced structures where the supporting 
columns are of cast iron the clips may be disj^ensed with, 
as the tie bars can be bolted direct on to ears or lugs, 
cast in suitable positions upon the columns, as shown at 
aa a a&ciR Fig. 83 which 
represents aportionoffram- *^' 

ing for a water tower, hoist, 
or other lofty work. As a 
matterof course the support^ 
ing columns are proportion- 
ed according to the load they 
are designed to sustain. 
In the bracing round or 
flat, ties may be used or tie 
and angle iron bars accord- 
ing to the nature of the 
works, and the views of the 
designer. The latter sec- 
tions of iron being bettor 
adapted for resisting vibra- 
tion seem to us to be do- 
ddedly preferable, as when 
long roimd ties or flat bars ^^^^^^^^^^i^^^^^^^^^^^^^^^^' 
are used, they offer little or no resistance to vibratory 
disturbances which act in a lateral direction and hence 
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do not sufl&ciently resist any force whicli may tend to set 
tlie structure in a state if general tremor which may not 
unfrequently be caused by recurring guss of wind, or by 
the motion of machinery, connected with or contiguous to 
the structure. From what we have now said about 
miscellaneous structures it will be evident that the rules 
set forth in the earlier chapters of this treatise are 
BuflB.cient to determine all calculable sections, for every 
class of structure composed of cast or wrought iron, no 
matter what may be its form or the duty it is intended 
to perform. We shall now conclude, our discussion of 
the principles upon which structures are designed and 
proceed to the not less important consideration of the gen- 
oralmethods in which such works when duly detailed are 
practically executed in the contractors, yards and shops, 
for it should always be borne in mind that it is impos- 
sible satisfactorily to design a work, unless the designer 
is acquainted with the manipulations to which the 
materials will be subjected in carrying out his plans, 
and the more thoroughly practical he is, the more econo- 
mical in execution can he make those works which are 
entrusted to him. 



CHAPTER IX. 

THE PEAOTIOAL EXECUTION OF IRON STRUCTURES. 

In tho present chapter we purpose discussing, in a gene- 
ral way, the principal processes to which iron is subjected 
in the course of formfng it into structures of various 
descriptions. We will assume that a wrought iron 
bridge, of the plate girder description, is to be con- 
structed, and that the Engineer's plans and general 
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drawings have been fumislied. In the first place a few 
remarks as to working drawings will be necessary, as it 
happens most frequently that the drawings supplied by 
designers require revision before they can conveniently 
be worked to ; and this is, in a great measure, due to the 
mode adopted by designers in determining the dimen- 
sions of tho various parts of the work in hand. It is 
always advisable to get an even pitch for the rivets in 
the flanges throughout; and this might, in almost all 
cases, be done, if the matter were but duly considered in 
the first place. A very convenient and general pitch for 
bridge-work of ordinary dimensions is four inches ; 
hence let a case be supposed in which that pitch is to be 
adopted — ^for the top and bottom flanges. It is evident 
that the lengths of the flange plates should be multiples 
of four inches, in order that the four inch pitch may 
work in, without any half holes in tho ends, for of 
course, at each end of a plate, the distance of the end 
from the centre of the last hole should be half the pitch, 
that is to say, in this case, two inches. In the angle 
irons attaching the flange plates to the web plates, half 
holes will occur, on account of the alternate pitching of 
the rivets on the two limbs of the angle iron, if it be 
cut square across. This is more clearly explained 
by reference to j^^g^ 34, 

Kg. 34, which 
represents an 
angle iron 
punched ready 
for rivetting. 
a h shows a 
planof oneend 
of a bar looking down upon it, in the direction of tlie 
arrow at the section c, and it will be noticed that in the 
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upper row of holes there is a distance of half a pitch 
from the end hole to the end of the bar, whereas in the 
lower row of holes the end of the bar coincides with the 
centre of a riret-hole. By shaping the end of the bar 
as shown at «, in the view t f this point is obviated, but 
this method is scarcely ever adopted in practice, except 
for angle iron covers where the one limb is continued 
beyond the other, sufficiently far to get the room neces- 
saiy for the rivet. 

The actual importance of the results produced by the 
halved rivet hole, depends ejitirely upon the duty of that 
portion of the structure in which it occurs ; thus, if it 
be in an element subject to cowpresswe strain only, it is 
not of any consequence for the ends of the plates or 
bars pressing against each other, the rivet has no strain 
upon it if the work be true ; but on the other hand, if 
the member should bo in tension, the whole efficiency of 
the one rivet is lost^ and it might as weU be left out 
altogether. 

The pitch and position of rivets must also be con- 
sidered in respect to the locating of cross girders, 
stifTening pieces, gussets and other adjuncts to the main 
gilders, hence it is very evident that if a bridge be 
designed, and the position of its various elements 
determined without due consideration of the position of 
the rivets, that much subsequent difficulty may arise ; 
and this is often the case, ^^<J it becomes necessary to 
vary the pitch, incre^asing or decjK^asing it at certain 
pkces, according tx> the o^icigcncies of the case in hand. 
This in itself does not ma1\>riaJly weaken or injure the 
fabric, but it is not sightly, nor is it the ri^U itay to 
execute work, and, as before observed, it causes much 
Ixouble, and some very odd pitches ai^ amved at at 
times, such as 4-21 inches, pitch, ^^c 
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In regard to the web plates, but little need be said 
about pitcbing the rivets where the joints occur, as these 
may be worked in to any convenient pitch, as shown in 
Fig. 35. a a shows a portion of the top flange plate, h h 

Fig. 35. 
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top flange angle iron, e c bottom flange angle iron, d d 
bottom flange plate, e e cover strip under which is the 
joint in the web plates, shown by the dotted line //. 
There are usually two covers used to web plate joints, 
one on each side, and the vertical distance between the 
centre lines of the rivets in the web at top and bottom 
is divided into any convenient number of equal parts or 
pitches, being in the case shown four, so that there are 
five rivets in the depth of the web plate. If the pitch 
of the rivets in the top and bottom flanges bo three 
inches, it is evident that the width in full of the cover 
strip should be six inches, but in many cases a portion 
of the metal on each edge is dispensed with, and the 
strip would then be made only five inches in width, and 
this does not weaken the structure, as there is not sup- 
posed to be any longitudinal strain whatever upon the 
web plates, so long as the top and bottom flanges remain 
unimpaired in strength. 

Various opinions exist as to the relative values of 
different pitches used in bridge-work, so while on the 
subject of rivets we may express the views arising from 
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our own experience in the matter. In bottom flanges in 
tension, and in other members under tensile strain only, 
it is evident that there can be no object in pitching the 
rivets closely, their sole use being to connect the differ- 
ent elements of the bridge together, and to transmit the 
strains from one part to another, and of course, "where 
such duty has to be done, as in joint plates and cover 
plates, the rivets will be found in clusters pretty close 
together. In compression members, however, the rivets 
have another duty to perform, which is to keep the 
various plates forming such members from buckling 
away from one another, as shown in the following Fig. 
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r.f ^^; ^^' ^ ^ represents the edges or side elevation 
oi two plates forming a compression flange with the 
mets pitched very widely apart. NowTas soon as a 
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strain comes upon the member, the plates may havo 
a tendency to buckle and shorten, as shown in an 
exaggerated form at h h.; and should this occur, even in 
a very slight degree, it stands to reason that moisture 
and rain will get between the edges of the plates and 
cause their rapid decay. If, however, the rivets wer 
closer in their pitch, as shown at c, this result would be 
far less likely to ensure, in fact the strength of rivetted 
work to resist this class of distortion, varies inversely, 
as the square of the pitch of the rivets : thus a three- 
inch pitch, under these circumstances, would be four 
times as strong (to resist buckling) as a six-inch pitch. 
For narrow plates the two rows of rivets necessary for 
attaching the angle irons to the flanges, may be suffi- 
cient to hold the plates together, but for others four rows 
as shown at d d, or more if necessary, according to the 
width of the plates are used ; and ihese rivets may bo 
arranged in even rows as shown at d d, or may bo alter- 
nated as shown at e. The latter mode is preferable, as 
the plate is not so much weakened by the alternate as 
by the opposite rows of rivets. 

In ordinary bridge- work it is not necessary in com- 
pression members to adopt any pitch less than three 
inches, below which we only need to go, in extreme 
cases where remarkably thin plates are used, which, 
however, is seldom done, as it is evidently more con- 
venient in every way to use one-half-inch plate, than to 
have one-quarter-inch plate superposed on another; 
hence we may set down for small girders three-inch 
pitch as proper for the compression member, and six- 
inch for the tension member; this is convenient, as the 
three-inch and six-inch pitches wiU work into equal 
lengths : that is, a plate suited for six-inch pitch will 
always work with three-inch pitch, and the rivets thus 
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being opposite each other in the top and bottom flanges, 
suit equally well for the attachment of stiffeners, &c. 
As the plates in the compression flanges are made 
thicker, so may the rivets be pitched wider apart ; and 
it is very ujsual practice for bridges from eighty feet 
span to two-hundred feet, to adopt uniformly four-inch 
pitch for both top and bottom flanges, although a wider 
pitch may be used with advantage for the tension 
member. When four-inch pitch is used for the top, and 
six-inch pitch for the bottom flange, care must be taken 
in arranging the stiffeners, as the top and bottom rivets 
wiU only be opposite each other at the end of every even 
foot from the starting point, in setting out the rivets. 

At certain times, ideas have been held that very close 
pitching of rivets in the flanges, under compression, 
gives a great increase of strength, but this is a in 
practical sense utterly fallaciom and now is in all pro- 
bability ignored by bM practical engineers, for not only 
is there nothing gained by the very close pitching but 
it actually involves an element of danger, as the great 
number and close proximity of the rivet holes indicate 
the removal of a very great portion of the metal of tho 
members accompanied, very likely, by injury to tho 
strength of that metal which remains to resist those 
strains which the structure is destined to sustain. 

Eivets are usually made one-sixteenth of an inch in 
diameter less than the rivet hole is drilled or punched, 
and in the process of heading up, the rivet spreads out 
and fills the rivet hole, and the rivets, as they contract in 
cooling, draw together the various plates through which 
they pass, thus rendering the various plates as rigid 
almost as if they formed one thick plate. It may here 
be observed, that in determiniaig the diameter of tho 
rivets it should be remembered never to make it less 
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than the thickness of the plate through which it passes : 
thus, two-inch plates require rivets one-inch in diameter 
to join them together, therefore the rivet holes would be 
punched or drilled one-inch in diameter, and the rivets 
made of round iron fifteen-sixteenths of an inch in 
diameter. In speaking of rivet holes, punching and 
drilling are mentioned, and this raises a point of great 
importance, both to designers and manufacturers of 
bridges. Amongst civil engineers there prevails a very 
great objection to punched holes on account of the sup- 
posed straining of the plates and bars due to the action 
of the pimch, therefore, let us in the first place consider 
how far this objection holds good in a practical sense. 
It must be admitted that in punching a hole, the metal 
immediately surrounding that hole is somewhat strained; 
one might almost say that the edge of the hole is in all 
probability slightly starred for a certain distance from 
the edge of the hole, this distance depending on the 
diameter of the whole, and the thickness of the plate 
punched. Allowing this to be the case it will be ob- 
served that the injury to the metal in punching is 
limited to a certain area, beyond which the material 
remains with unimpaired strength : hence in order to 
secure soimd work we may punch holes smaller than 
ultimately required, and subsequently drill out to the 
finished size of the hole : thus if we want a hole three 
quarters of an inch" in diameter in a half inch plate, a 
five-eighth inch hole may be punched and drilled out to 
three quarters of an inch in diameter, thereby removing 
the injured edges of the hole and leaving it clean to 
receive the rivet or bolt for which it is provided. 

Not only is eimple drilling unadvisable on account of 
its cost but there are many practical objections to it on 
other scores. With ordinary drills and machines it ma^ 
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be said to be practically impossible to drill a perfectty 
circular hole, as the drill will run according to the direc- 
tion of the fibre of the metal and the greater the diameter 
of the hole in proportion to the thickness of the plate, 
the worse will be these irregularities, and to properly 
secure the plates and driUs, so that perfectly circular 
holes are obtained, would be too tedious and costly to 
be adopted for bridge work, especially considering that 
the hole first punched and then drilled is equal, if not 
superior, to the hole which has been drilled through- 
out. As a general maxum holes having a diameter less 
than the thickness of the plate must be drilled, while 
those having a diameter greater than the plate may be 
punched, and very thin plates such as three-eighth, 
quarter, five-sixteenth, &c. should never be drilled for 
girder work. 

It is very evident that rivetted work will not turn out 
perfectly satisfactorily, except the holes be opposite one 
another, so that the heated rivets may pass fairly through 
them as illustrated in Fig 37. 

In rig, a a 



h hy and c e 
show three 
plates, pro- 
perly pimch- 
ed, and in 
position with 
the rivet in- 
serted ready 
to be headed 
up, the head 
being made 
from, the me- 
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rivet whicli is hammered up into a head as shown by 
the dotted lines at t. If however the holes be not in 
line, but as shown at d d e e^ then the rivet is in fact 
partly sheared through in the process of manufacture, 
and is of course weakened in a proportionate degree. 
Care should also be taken, that the plates to bo rivetted 
are in close contact, hence under the blows of the 
rivetting hammer, the soft body of the heated rivet 
may form a collar as shown between the plates //, and 
.^y. It is impossible when the rivet holes are marked 
on the plates by hand one by one from templates, that 
they can be got dead trice throughout — but for all 
ordinary work, they may be got sufficiently near for 
any purpose, a little rhymering out being sometimes 
necessary, but when a great number of plates are to be 
rivetted together, more accurate means of pitching the 
rivet holes may be requisite ; in cases of this sort the 
multifarious punching machine designed by the late 
Richard Eoberts is very useful, as by its means the 
plates way be punched one after another with per- 
fect truth ; so true indeed is the action of this machine, 
that' we have after punching a large plate throughout, 
again passed it through the punching apparatus, and 
the punches have fallen into the same holes without 
even jarring, and a pile of plates thus punched, several 
feet in height, will be so true that rods may easily be 
passsd from top to bottom of the plates through the 
rivet holes. 

Multifarious drilling machines are much used where 
very exact pitching of the rivets is required, and if well 
made they give satisfactory results. In these machines 
the plates may be drilled separately or laid together in 
piles and drilled throughout at once, the latter process 
is undoubtedly the best, but requii^^ ^^^ \xi. Ni^R* 
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execution. The lengths of rivets will depend upon the 
thicknesses of plate, through which they have to pass, 
and may be arrived at in the following way, add together 
the thicknesses of aU the plates or bars through which 
the rivet has to pass, to that add one-thirty-second of an 
inch for each plate^ and to the whole add one and a half 
times the diameter of the rivet to allow sufficient 
material to form the head. The one-thirty-second of an 
inch per plate is allowed for irregularities in the surfaces 
of the plates, preventing them from lying perfectly 
dose together over their entire surfaces. 

It may here, while speaking of rivets, be well to 
mention a mistake often made by designers through 
mere thoughtlessness in arranging the size of angle 
irons, and the iron stiffeners for girder work, which is 
that they frequently determine the size of such elements 
without considering whether there is room in their 
flanges to hold the rivets necessary for their attach- 
ment to the web and flanges of the girder. — Let us 
suppose that the iron stifi'eners, three inches by two 
inches by half an inch thick, are specified, and at the 
same time three-quarter inch rivets to be used, the 

dimensions will then be as shown •^*^* ^^• 

in Fig. 38. It will be seen here ^"""^^^ZLZ^^ 
that on each side of the web of ^^*^ 
the tee iron there is but one and 

a quarter inches to receive the ^- ^- 

three-quarter inch rivet, so that outside the rivet there 
would be but a quarter inch of metal, which would 
very likely burst out in the process of rivetting up — 
and this case we have selected is by no means one of 
the worst that has come under our notice. 

We will now pass &om this special point of rivetting, 
and proceed to consider the general manipulations to 
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which the iron is submitted in the iron yards, where 
bridges are constructed, commencing with the delivery 
of working drawings into the hands of the makers. 

The first step to be taken is to prepare the specifi- 
cation (or list) of iron, bolts, &c., which is taken from 
the drawings, either by measuring the various dimen- 
sions to scale, or working from dimensions figured on 
the drawings, which latter is of course best, as there is 
less chance of error than exists when the scale is relied 
upon. This done, the drawings are handed over to the 
template makers, and copies of any cast iron work to 
the pattern makers, so that both the wrought and cast 
iron work may be proceeded with without delay. The 
business of the template maker is to form frames or 
skeleton models of the plates, so as to comprise all parts 
where rivet holes occur, and on such templates (or 
battens, as they are termed in some yards) mark accu- 
rately out the position of the holes to be drilled in the 
various plates and bars, and drill them in the wood ; 
from these templates the iron parts of the bridge are 
marked, a stump of suitable size being dipped in white 
paint and struck through the holes in the templates 
which have previously been securely clamped on the 
iron plates to be marked. By these white marks on 
the iron the punchers are guided in handling the plates 
under the punching machines, when those of the ordi- 
nary description are used, making one hole at a time, 
and without self-acting motions for working the plates 
along under the pimches. When, however, seK-acting 
punching machines are used, the templates may, for 
the greater part of the work, be dispensed with. If 
the pitch of the holes is even, as in such cases, the plate 
to be punched is fastened to the carriage or traverse 
table of the punching machine, and when set in motion 
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that table is automatically moved between the strotes 
of the punch through a distance corresponding to the 
pitch of the rivets. 

The templates being completed, and sent into the 
plating shop, the marking is soon effected, and the iron 
is then ready to pass into the hands of the various 
worbtnen who carry out the subsequent operations. 
With ordinary flat plates and bars, punching and 
truing the edges is all that is required before putting 
the work together. The former is simple enough, 
requiring merely care on the part of the workmen to 
follow the marks as closely as possible. 

For truing the edges, in most cases shearing, in an 
ordinary shearing machine, is all that the works needs, 
but, where exact butt joints are to be made, the ends of 
the plates must be planed, which may be done either 
with a rectilineal planing machine, or a rotating cutter. 
The latter is most convenient, and if carefully adjusted 
will turn out suJ0B.ciently accurate work. These cutters 
consists of discs, similar to the face plates of lathes, 
but furnished with short cutters, which act in turn as 
the face plate revolves. Usually, a number of the 
plates are fastened together, and the ends of them all 
planed at one operation, which both saves time and 
makes a better job than would result if they were 
planed one by one. Joints of this description are 
requisite for members in compression, where equal bear- 
ing is required throughout, but in tension members it 
is a matter of no consequence. Plates requiring to bo 
curved must be passed through ordinary boiler makers 
bending rolls until the required form, gauged by a 
template, is obtained, but knees and joggled stiffeners 
and strips must be made into the proper forms by 
smiths before being punched or drilled. 
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In Fig. 39 A ropreeontB an ordinary angle, or teo 
iron, whidi is required to bo bent at an angle 
OA shown at S qt S. It will be noticed that in the 
first caee the 
horizontal part Fig.Z^, 

or aa it is com- ^--i . 

monly called, -A ) i ,■ '■, j 

the table of ^ "^" 

the bar la at 
the back, or on / 
the outside of ^ 
the angle, but 
in the aeoond 
caee it is on 
the inner side 
or front. 

There are 
two vays of 
making the °^ 
joint; in tho "- 





at e, and the anglo iron is thon bent, as ahown at B, 
and the severed edges of the web welded or shut to- 
gether, and in making this shut, it is of tho greatest 
importance to secure soundness of work ; for if it be 
%reak, the knee is altogether useless, for as such kneoa 
are used to preserve the angular positions of othor ele- 
ments, they muEt poasosB full strength at the angle. 
IVom the liability of such shuts as these to be defective, 
it is always well to avoid them, if possible, and to make 
Hie bend without severing any part oftbe^oai. 'Vn.'Caia 
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process it is evident tliat the web of the bar is pressed 
into itself, being thickened or upset at the part where 
the angle occurs, and this is not in any way objection- 
able, as the thickening of the metal makes it stronger 
in the angle, but the operation should be so managed 
that the web shall not crumple or buckle up under the 
smith's handsj hence a swage block as shown at /, in 
side elevation, and g in end or front elevation, is used, 
having a groove suited to the thickness of the web of 
the tee iron, and made at the angle to which the bars 
are required to be bent. The bar of tee iron having 
been heated in the furnace until it is red hot, it is placed 
with its web in the groove, as shown in the figure, and 
the smith's assistant or striker draws it down over the 
angle of the block by blows upon the end, X*, of the bar, 
the sides of the groove in the block preventing any 
serious buckling of the web, which is afterwards set 
quite flat by a few blows from the sledge, subsequent to 
its removal from the block. The section of the bar is 
here preserved very nearly uniform throughout, the 
web is somewhat compressed into itself as it were, while 
the table or horizontal member of the bar is slightly 
drawn and extended in length. It may here be well to 
mention a difference in consumption of material between 
the two modes of making these knees, in order to aid in 
determining the lengths of bars requisite for making 
such elements without waste. In either case the knee 
should be accurately drawn out, either full size, or to as 
large a scale as possible, so that its finished length may 
be accurately measured ; let this be represented in Fig. 
40. Then, if the bar is to be bent, by cutting a piece 
out in accordance with the first method above described, 
the length of bar required will be equal to the mea- 
surement of the knee or stiffener, along the back of 
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the iron as at a J (?, r* n 

but if the bars are Ft^;. iO. 

to be drawn over a ^i ^/."."l!r//"//.rjJ^\"V",V"//--^"r.V."^ 
block, as described //^'^ 
secondly, thelength 
required will be 
that measured on ^ 
the inside of the table of the bar, as shown by the 
dotted line d, e, /, the extra length being made up by 
the drawing of the table, which takes place in the pro- 
cess of bending the bar. It is well to be careful in 
determining these lengths, for if they be a little too 
short it becomes necessary to order new bars, or else to 
weld on pieces to make them long enough, thereby 
causing increase of expense unnecessarily, and, in addi- 
tion to this, tee irons are somewhat awkward shapes to 
weld together, so as to obtain a satisfactory result. On 
the other hand, if the iron be ordered too long, that 
which has to be cut off becomes waste, and, as stiffeners 
are usually comparatively short in proportion to other 
elements, it follows that even short pieces of waste exit 
off them, run up to a greater per-centage of their total 
weight than in the case of other elements; thus, on 
stiffeners three feet in length, the waste of one and a 
half inches at each end would amount to 8 J per cent. 
on the total weight of iron used in making the knees, 
and this on a large work, would soon moimt up, for the 
knees, though smaU, are frequently so numerous as to 
form a considerable item in the weight of a bridge, and 
moreover, as a general rule, the amount of waste in any 
structure, or part of a structure, miist not be judged of 
by its actual weight, but by the relation of that weight 
to that of the material in which it occurs, and by caro- 
fiilly watching such points as those, very sensible incre- 
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ments may be ensured, for it is rather in the number of 
small extra expenses than in the magnitude of great 
ones, that losses are most frequently made. To return 
to Fig. 40, let us now take the second case, in which the 
bar is required to be bent into the form shown at D. 
In this case the bar cannot be bent without cutting the 
web, as the latter would not draw out without contract- 
ing so much in section as to be practically useless, 
(unless, indeed, the angle at which the bar is bent is so 
obtuse as nearly to approach the straight form of the 
original bar), hence the web of the bar must be cut 
through, as shown by the dotted line at ^, and then 
heated and bent, after which, an angular piece of iron, 
or V piece, as it is commonly called, is welded in to fill 
up the deficiency previously existing in the web of the 
toe iron. In any case, the length of the iron'required for 
making these knees is determined by measuring along 
the back of the bar, but this form is. not of common 
occurrence in girder work, never being adopted from 
choice, but only inserted where other forms could not 
be used. 

It is very evident that such changes in form of elements 
as those above described, cannot be made without, at 
least the risk of straining the fibres of the metal operated 
upon, therefore, such work should bo avoided in all 
cases if possible, so that the girders may be made of the 
iron as it comes out from the rollkig mill, without any 
further subjecting to processes requiring the application 
of heat imtil the work is rivetted together, and this 
should be remembered *by those who are engaged in 
designing bridges, or roofs, for though it may be argued 
that by the introduction of smith work in such structures, 
they may be made lighter, it may be clearly shown that 
in the majority of cases they are not made any cheaper, 
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and, as a plain business point in such circumstances, 
there is a direct loss in having the lighter work, for 
practically the intrinsic or money value of a bridge lies in 
its weight for if sold as old iron, it would be at per ton, 
and workmanship would count for nothing, hence if two 
bridges are equal in strength, cost and design, it is best 
to have that where there is most material, in preference 
to that in which the cost is represented by labour. 
"When angle or tee irons require to be bent in curved 
forms as for the curves of turn-tables, gas-holders, &c., 
a mould bar or metal template must be used. Let it be 
required to curve a number of angle irons for roofing 
principles ; in the first place, one bar must be carefully 
bent to a true curve to serve as a template for the rest ; 
this bar is then secured on a cast iron bed and the 
other bars being made red hot are successively bent 
round it, a few blows of a light hammer being all that 
is requisite to. set it to shape; by this means bars maybe 
very rapidly bent, and, at the same time with great 
accuraxjy to any required form. 

After the various elements have been shaped to the 
required forms they are punched or drilled, as the case 
may be, in the usual manner, and then are ready to be 
attached to the girders of which they are destined to 
form parts. 

"Where the rods or bars with swelled ends are used 
these must be forged, except they are made by rolls espe- 
dallj adapted for their formation, and, which are formed 
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as shown in Fig. 41 
A and B represent 
the top and bottom 
rolls of a mill for 
rolling links with 
swelled ends. The 
ends of these rolls 
are made with col- 
lars aa,})})^ that if 
a bar equalin thick- 
ness to the space be- 
tween the central 
part of the rolls be 
passed Iroa^neh^' 
tween these rolls its 
centre portion will 
remain unaltered 
but its ends will be 
widened out or 
swelled as shown at 
at c where d is the 
centre part of the 
bar and e e shows 
the widened ends of the same after passing through the 
the mill. If the bar be now passed lengthwise between 
plain rolls as shown at JD the centre part d of the bar 
becomes elongated and the ends e e remain unaltered so 
when the bar has been rolled down to an uniform thick- 
ness we have a long link with swelled ends and no weld 
in itf but of soHd section from end to end. In this way 
all such bars when of any magnitude should be made as 
it is preferable to and far safer than that in which the 
ends of the bars are made, separately and subsequently 
shut or welded on to the body, or central part of the bar 
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but for round bars the latter course must be adopted, or 
some other equivalent to it for it is plain that the flat 
end of a link could not be passed through rolls grooved 
in a suitable way to form the cylindrical body of the rod. 
It used to be a common custom to make eyes to the ends 
of round bars by bending the extremities round on to 
the body of the bar and then welding them up, but this 
is not satisfactory as by this method the hole in the eye 
is not cylindrical throughout, hence ailbrds insufficient 
bearing for a bolt passing through it. 

In making the rods, with eyes at their ends, it is neces- 
sary to forge the ends separately, and then shut them on 
to the round iron of which the ties are to be made, care 
being taken to keep the centres at the right distance 
apart, so that the ties may be of the proper length. 
The holes in the ends may be made in the forging, and 
subsequently drilled out true, or, if preferred, the holes 
may be drilled out of the solid metal, which is, perhaps, 
the best where considerable accuracy of fit is indispens- 
able. Of course great care must be taken in shutting 
on the ends of such links, in order that the joint or 
scarf may be equally strong with the body of the bar. 
Screwed ends of ties and ends for cotters, &c., are in like 
manner made separately, and subsequently welded on to 
the body of the bar. 

In fitting bolts to eyes in links, and holes in castings, 
they may be made true fits, the holes being carefully 
bored out and the bolts as truly turned ; or on the other 
hand both the hole and bolt may be left rough, and a 
certain play allowed, in order to get the bolt into the 
holes in the elements it is intended to join together ; the 
amoiint usually allowed is one-eighth of an inch, so that 
for a bolt three-quarters of an inch in diameter the bolt 
hole would be made seven-eighths of an inch diam^ete.^^ 
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and for a bolt one-and-a-lialf inches in diameter the bolt 
hole would be made one inch and five-eighths in 
diameter, and so forth. 

AU the different elements of the structure having been 
duly prepared, they are ready to be put together in the 
erecting shop, and rivetted up so far as is consistent 
with the requirements of subsequent conveyance from 
the manufacturer's yard. 

The girders are erected on a series of bars or blocks, 
supported on iron brackets firmly set in the ground; 
these brackets may carry cross bars, which are so 
arranged as to admit of adjustment, so that their upper 
surfaces may be placed at the same level, or disposed to 
give the girder any required amount of camber. On 
these bars the bottom plates of the girders are duly laid, 
and so piece by piece they are built up imtil the full 
height is reached, the various parts being held together 
by bolts or cotters passed through some of the rivet holes, 
only a sufficient number being used to hold the plates 
and bars together, while they are permanently rivetted 
up. When the work is being thus put together, any 
discrepancy in length of plates, &c., may be ascertained 
and rectified ; and it may then also be seen if the rivet- 
holes are truly in line through the various layers of 
material, and if they be not so they may be trued-upby 
rhymering out the holes, which wiU do no harm if the 
work bo tolerably accurate, although some engineers aro 
so strict as to prohibit in their specifications the use of 
the rhymer; we consider this injudicious, as a slight 
clearing of the hole smooths the edges of the holes at 
the contact of the plates, and renders their bearing upon 
the rivets more uniform than it would otherwise be, 
unless the plates wore perforated dead trtie, which, in 
ordinary bridge-work, is a thing not to be expected. 
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The work being sufficiently held together, and found 
accurate, is now rivetted up, either completely or not, 
according to circumstances. If it is not intended to test 
the bridge on the contractor's premises, it is sufficient to 
rivet it together at all parts, except those where it breaks 
for fihipment or carriage, where for the time being it 
may be held by temporary bolts, but if the bridge is to 
be submitted to a test before leaving the yard in which 
it is made, it should bo completely rivetted up ; even 
though it will afterwards be necessary to cut out some 
of the rivets, in order to pull the structure down for 
shipment, for although bolts may be amply strong to 
sustain the load, yet they do not (unless turned, which 
is not done in such cases), hold so closely as the rivets 
intended ultimately to connect the various parts of the 
structure ; hence the deflection will, in all probability, 
be much greater if the rivets be left out., and so justice 
would not be done to the manufacturer, and very possibly 
the inspecting engineer would not be satisfied. 

In ordinary girder- work there is not usually much to 
be done in the way of fitting, and what there is is not of 
a delicate nature ; hence highly skilled artizans are not 
required for this purpose, all that needs to be done, con- 
sisting in planing bed plates, &c., and boring bolt-holes 
and turning up bolts and cast-iron friction rollers, and 
in some cases the bolts are not turned but merely ground 
bright on a revolving lap or stone, which, however, 
naturally makes them but little truer than when in their 
rough state. 

In rivetting girders together it is usual to strike up 
the head of the rivets first with the flogging hammers, 
and fijially to reduce them to a uniform shape and size 
by placing over them a die with a recess sunk on its 
fftce (and which is termed a snap), and atrikm^ V\.^S^ 
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a hammer. In some instances, if too much length of 
rivet has been allowed for making the head, it will 
form a slight collar imder the edge of the snap and 
around the head of the rivet; in order to preserve 
appearances this collar is sometimes cut o£P, but it is 
best to let it remain, for in cutting it off the chisel used 
for that purpose may injure the plate underneath the 
rivet head. 

The work being so far completed, it only remains to 
oil and paint the work, and to mark it previous to 
taking it apart, so that, by the aid of key plans, the 
erector may be enabled readily to re-construct the work 
on the site for which it is destined. 



CHAPTEE X. 

INSPECTION AND TESTING OF MATEEIALS. 

The most careftdly prepared designs cannot, in exe- 
cution, give satisfactory results imless the quality of the 
material used is up to the standard of strength assumed 
by the engineer in calculating the dimensions of the 
various elements of the proposed structure, hence it is 
necessary to be assured that the material used shall be 
sufficiently good, and this is invariably stipulated in 
specifications. It is not unusual to specify that iron 
shall be procured from a certain maker, or of a certain 
brand, or, in event of that iron not being procurable-, 
that such material as is used shall be equal to it in 
strength and elasticity. Now the quality of iron, even 
of the same brand, will vary slightly from year to year, 
hence, instead of specifying a given brand, it would be 
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more consistent merely to stipulate for a certain amount 
of strength and elasticity in the material to be used. 
The first tests in respect to wrought iron consist chiefly 
in determining its resistance to tensile force, which 
ibrce it is best qualified to withstand. Plates, flat bars, 
angle irons, &c., may be considered of excellent quality 
for girder-work if they do not break imder a strain of 
twenty-three tons per sectional square inch, or stretch 
before breaking more than one inch per foot of length, 
or less than half an inch. If the bars stretch over 
much, the structures made from them will be liable to 
take a considerable permanent set, but if it will not 
stretch fairly there is a danger of its snapping under 
sudden loads, or violent vibration or concussion. The 
iron should not stretch permanently under a strain of 
ten tons per sectional square inch, and its maximum 
load should never in working exceed five tons per square 
inch, or one half of the load at which permanent set 
commences, thus, if the material is such as to reach 
twelve tons, tensile strain per square inch before perma- 
nent set conmiences, it may safely be worked ordinarily 
at a strain of six tons per square inch. 

Bars that have been used for testing should never be 
used in making a structure, as testing them over their 
working weight may possibly cause some slight injury 
to the fibre, which wiU gradually be augmented by 
other, even smaller, strains, imtil ultimately failure 
ensues, perhaps imder a comparatively small load, 
whereas, had no such excessive test been applied, the 
work would have stood the weight of the maximum 
ordinary load for an indefinite period of time. 

In compression wrought iron wiU most generally give 
way by crippling, hence the strength of members in 
compression must be secured by making them of a foruL 
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suited to resist bending tendencies, but the resistance of 
wrought iron to crushing force should be equal to not 
less than sixteen tons per sectional square inch, and it 
should not show signs of failure under a smaller load 
than eight tons per square inch, then it may safely be 
loaded in ordinary working up to as much as four tons 
per sectional square inch. 

Cast iron is admirably adapted to withstand com- 
pressive strains, both on account of its rigidity, and also 
by reason of its superior resistance to crushing stress. 
Good cast iron will not yield to compressive force until 
it reaches about forty-five tons per square inch, hence 
seven-and-a-half tons per square inch is perfectly safe 
as a working strain in compression upon cast iron of 
good quality, but in tension cast iron breaks at about 
seven tons per square inch, hence should not be loaded 
ordinarily with any tensile strain exceeding one-and-a- 
half tons per sectional square inch. 

For shearing strain on wrought iron, four tons is the 
working strain usually allowed on bolts or rivets if of 
iron, or six tons if of steel. 

When the preliminary tests are made and found satis- 
factory by the inspecting Engineer, it remains for him 
to see that the material used in the work under his 
charge is made of uniform quality throughout, and well 
and cleanly rolled. In order to be thoroughly compe- 
tent to undertake this duty, it is necessary he should be 
well acquainted with the manufacture of iron in all its 
branches, for there are many apparent blemishes on 
rolled iron which are not of the slightest consequence as 
regards the actual strength, whereas defects of a more 
serious character which do not so obviously appear, 
often would escape the notice of any one not practically 
acquainted with the manufacture of wrought iron. 
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We will now proceed to briefly refer to the testing of 
entire structures, such as girders, bridges, &c., in their 
complete form. In these tests there is not only the 
strength of the structure to be verified, but- also the 
quality of workmanship put into it, especially in the 
joints and articulated parts of the work, which will be 
found to yield more or less uniformly, according to the 
care which has been taken in the manufacture. 

The curvature, or camber given to a bridge, which is 
usually one inch rise at centre for every forty feet of 
span, is intended to secure that it shall not deflect below 
a straight line when its greatest load comes upon it, and 
if the work is well done this is generally found sufficient 
to ensure that result. 

When the bridge is ready to be tested, a diagram 
should be carefully drawn to show the exact curvature 
of the bridge as it stands, then the supports are gradu- 
ally removed from beneath, so that it has then to sustain 
its own weight; the diagram of deflection under this 
load may now be taken, and the work then by degrees 
loaded up to the full test load which it is required to 
sustain, when the diagram of the curve due to this 
maximum load is to be noted. 

The test load having been allowed to remain on the 
structure, for such time as may be thought sufficient, in 
order that all the joints may take their proper bearings, 
it may be removed and another diagram drawn showing 

Fig, 42 
C 
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to what curve the bridge has returned, these diagrams 
may be blotted on a sheet of paper, in the form shown 
at Fig. 42. This diagram should be for clearness drawn 
to a distorted scale, that is to say, the horizontal scale 
may be half-inch to one-foot and the vertical scale 
natural size, then the curves of deflection can be more 
accurately judged. A a JB is sl Horizontal line drawn 
between the piers upon which the bridge or girder to 
be tested, is supported, and A C B the curve showing 
the position of the of the bottom flange of the girder 
as constructed and before the supports upon which it 
has been built, are removed. 

On removal of the blocks, the girder assumes the 
position indicated by the curved line A e B and when 
the total load is added AdB shows the curve of ultimate 
deflection, on removal of the test load the girder will 
return to some position more or less nearly approaching 
the curve Ac B. This curve shows the permanent de- 
flection or permanent set of the girder, and of this and 
the causes whence it arises, it is necessary to make a few 
remarks here. 

If the bridge is properly tested, the load being allowed 
to remain on it for a sufficient length of time, the 
deflection curve should never afterwards descend below 
A d B BO long as the test load is not exceeded, nor should 
the permanent set of the girder increase, and if the 
permanent set be found to increase continually, this 
will indicate that the work is not sufficiently strong and 
that it is certainly though gradually giving way, and 
will sooner or later fracture and fail altogether. If how- 
ever, the permanent set should only continue to increase 
for a moderately short period and then stop altogether, 
it may be due the fact that the test load was not left 
Jonx: enough on the girder for the joints to find their 
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bearing, but it does not indicate any danger of future 
fEulure. The cause of the deflection from the curve A 
C Bix> A e Bia duplex in its nature being partly found 
in the weight of the structure itself and partly in the 
settlement due to the various joints which occur through- 
out the work. 

Eivetted joints will generally give a little before all 
the rivets take a fair bearing, and to this is due the 
permanent set, over and above the deflection due to the 
weight of the structure itself. If, in taking permanent 
set, the girder assumes the form of a tolerably true 
curve, it may be concluded that the workmanship is 
good, and the joints uniformly made throughout, but if 
an irregular line of permanent set occurs, it indicates 
slovenly work, and rivets which do not nearly fill the 
rivet holes. An irregular deflection curve under a 
Tnaximum load uniformly distributed, indicates a want 
of imiformity in the strength of the girder, showing 
that the various sections have not been all proportioned 
in the same ratio to the strains to which they are sub- 
ject. If the permanent set continually increases, it is 
certain that either the iron itself is overstrained, and is 
gradually stretching to its breaking point, or that the 
joints themselves are giving way by degrees. In the 
former case there is no remedy but to reconstruct the 
work, but in the latter, the joints may be renewed. 
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CONCLUSION. 

In concluding the present treatise, a few general 
remarks upon the subject considered in the previous 
pages, are necessary in order to state the comparative 
merits of various systems of construction and their 
adaptability to certain specific requirements. 

To commence with bridges, it is to be observed that 
there are two main purposes, for which bridges are 
required, first to carry railways, and secondly to carry 
miscellaneous traffic, such as occurs on ordinary carriage 
roads. In the first case, the load in its full intensity, 
passes &om one end of the bridge to the other, being a 
concentrated rolling load, whereas on a road bridge, the 
load is more uniformly distributed as it usually consists 
of a niunber of comparatively trifling loads passing in 
both directions, so as to nearly maintain the symmetry 
of the load, and correspondingly that of the strains. In 
order that the strains on an arched girder may be only 
thrust, it is necessary that the load should be uniformly 
distributed over the whole length of the arch, other- 
wise if one haunch be loaded more than the other, there 
will be a tendency to distort the arched ribs, and of 
course this will produce a bending strain on the arch, 
a strain for which it is not especially designed, hence it 
is evident that an ordinary arch though very suitable 
to carry a roadway bridge, if by no means so well 
adapted for a railway bridge. For a roadway bridge 
of any dimensions, where taste has to be regarded, it 
may be indeed said that we have but two forms of 
structure to chose &om, viz., the arched bridge and the 
suspension chain, either of which well afl^ord a good 
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basis for an elegant structure, but those of the latter 
description are not sufficiently rigid to give results as 
satisfactory as are shown by arches. 

For railway bridges, however, tied arches, or bow- 
string girders, may be used, more conveniently as the 
bracing bars between the arch and the tie, uniting the 
extremities of the former in a very great degree, resist 
the tendency to distort the bow, hence, when large 
spans are required, this form is not unfrequently adopted. 
In very large girders, with parallel flanges, there 
appears to be a considerable element of unsteadiness, 
inasmuch as a great proportion of the load on the piers 
may be regarded as passing through the end uprights 
or pillars of the girders, and being, as it were, resting 
on the tops of them ; if, however, the bowstring form 
be used the weight is delivered from the arched mem- 
ber directly on the pier or foundation plate, upon which 
it rests, and thus obviates the objection found to the 
loftier girders. 

Lattice girders present many advantages for railway 
bridges of large spans. In the first place, they both 
look light and really are light if properly designed. 
They are easily erected, and convenient for carriage and 
shipment, consisting as they do chiefly of elements of 
small section in proportion to their length, whereas, in 
plate web girders, the web plates, being of a square or 
oblong form, are awkward to pack or to move about. 
For .foreign work, Warren girders, being composed of 
bars which form equilateral triangles, have been used 
to an exceedingly great extent, not only on account of 
the convenience of packing them, but also because of 
the readiness with which they may be erected in sitA in 
countries where it is impossible to obtain skilled labour, 
in such places, in fact, whatever style is ado^t^d^ ^ 
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frequently becomes necessary to build up tlie work 
without doing any rivetting whatever on it, and then it 
becomes imperative to join the diflterent elements of the 
bridge together by means of bolts, which should be 
turned, and accurately fitted to drilled holes, so as to 
hold as tight as rivets. 

The flooring of bridges of course depends upon the 
purpose for which they are required, and the convenience 
of getting materials in the locality where it is to be 
erected. For railway bridges, corrugated iron sheets 
are frequently used, or timber planMng, if timber is 
plentifuL 

For road-way bridges, buckle plates have been, 
perhaps, more extensively used than any other kind of 
covering, but they are now being superseded by simple 
curved iron plates, tied at the edges, so as to prevent 
their springing. Cast-iron plates which were formerly 
used, are scarcely ever now applied. 

Boofs may be divided into two classes, large and small 
roofs. For the former it is necessary to adopt strong 
ribs to form the principals, and for this the arch or 
trussed arch is extremely useful. The trussed arch is in 
fact a bow-string girder, of which the tie has a very con- 
siderable rise in the centre of the span, being held up 
by vertical or queen rods, which attach it to the arch 
above. These principals are often placed at consider- 
able distances apart, in which case it is necessary to have 
very rigid purlins, and not imfrequently lattice girders 
are employed to do this duiy. 

For small spans, the various kinds of triangular or 
trussed principals, simple and compound are used, but 
they are not suitable for spans of great width, not 
having sufficient rigidity. 

The coverings of roofs are very various, according to 
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the ptuposes to which they are applied; thus for store- 
houses and sheds, corrugated iron is sufficient for 
the purpose. For dwelling-houses, gas-houses, &c., 
slated roofs are very generally used ; in this case the 
purlins have to be put very close together if the roof is 
not boarded previously to having the slates fastened on, 
in fact the distance between them is only ten and a-half 
inches generally, and the purlins consist of small angle 
irons one and a-half inches by one and a-half inches, by 
a quarter of an inch thick ; for roofs of this description 
the principals should not be placed farther apart than 
six feet or else, the purlins will not be sufficiently rigid 
to sustain the weight of the super-imposed slates. 

Glass, though heavy, is very frequently used, partially 
or entirely, for the roof coverings of public buildings, 
railway stations, and other places where much light is 
required ; and in some tropical climates the roofs are, in 
some instances, covered with layers of sand or concrete 
three or four inches thick, in order to exclude the heat^ 
which would otherwise be imbearable. 
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Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet By Joseph Broadbent, CE., and Francis 
Campin, CE. Cr. 8vo, oblong, 5*. doth. 
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Tramways and their Working. 

TRAMWAYS : their CONSTRUCTION and WORKING. 
With Special Reference to the Tramways of the United Kingdom. 
By D. KiNNEAR Clark, M.I.C.E. Supplementary Volume; 
recording the Progress recently made in the Design and Construc- 
tion of Tramways, and in the Means of Locomotion by Mechanical 
Power. With Wood Engravings. 8vo, I2J. cloth. 

Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
By D. KiNNEAR Clark, M. Inst. C. E. With Wood En- 
gravings, and thirteen folding Plates. The Complete Work, in 
2 vols.. Large Crown 8vo, 30J. cloth. 
" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work * Railway Machinery.'*' — The Engineer, 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A.I.C.E. With Plates and 
Wood Ei^pravings. Revised Edition. i2mo, 5j. cloth. 
" A workmanlike production, and one mthout possession of which no man should 
start to encounter the duties of a pioneer engineer. ' — Athenaum, 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
GooDEVE, M.A., Barrister-at-Law, Author of ** The Principles 
of Mechanics," "The Elements of Mechanism," &c Fourth 

Edition. With numerous Illustrations. Crown 8vo, dr. cloth. 
*' Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself." — Mining JtmrmU. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6df. 

** If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their rarity.*' — English Mechanic. 

Mechanical Engineering. 

MECHANICAL ENGINEERING: Comprising MetaUurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Mecha- 
nical Manipulation, Manufacture of the Steam Engine, &C By 
Francis C ampin, C.E. i2mo, 3^. cloth boards. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By F. Campin,C.E. i2mo. y, dd, cL brds. 

Iron Bridges y GirderSy Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Campin, C. E. i2mo, 3J. 

Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Boiler Construction. By Nelson Foley, Cardiff, late AssistassA. 
Manager Palmer's Engine Works, Jaxiow. \^\\>a. 75^ i\s5\.-^^^ 
Lithographic Diagrams. Folio 215. YiaM-\>oMiv^. VJ^^* -^ublUHed. 
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Oblique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. 3rd Ed. Imp. 8vo, 8x. cloth. 

ObliqTie Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Geo. Watson 
Buck, M. I. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H. Barlow, M. I. C. E. Royal 8vo, 1 2s, doth. 
" The standard text book for all engineers regardmg skew 9Xf2tkK&y~~Enginetr. 

Gas and Gasworks, 

THE CONSTRUCTION OF GASWORKS AND • THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlarged, by W. Richards, C.E. i2mo, 5j. doth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geolc^cal Formations of Eng- 
land as influencing Supplies of Water. By S. Hughes. 4J. 6^. cloth. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in chai^ of Locomotive Engines. By Michael 
Reynolds, M.S.E., formerly Locomotive Inspector L. B. and 
S. C. R. Fifth Edition, greatly enlarged. Comprising A 
KEY TO THE LOCOMOTIVE ENGINE. With lUustra- 
tions and Portrait of Author. Crown 8vo, 4J. (id. doth. 
" Mr. Reynolds has supplied a want, and has supplied it well." — Engineer. 

The Engineer^ Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By Michael Reynolds. Crown 8vo, 
4J. 6^. cloth. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds. With Plates and Woodcuts. Crown 8vo, 4r. 6^. doth. 

Engine- Driving Life, 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Ind- 
dents in the Lives of Locomotive Engine-Drivers. By Michael 
Reynolds. Crown 8vo, zs. doth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Treatise on the 
several Systems in Use in the United Kingdom ; their Construc- 
tion and Performance. With copious Illustrations and numerous 
Tables. By Michael Reynolds. Crown 8vo. [In the press. 

Steam Engine, 

ENGINEMAN'S COMPANION (The). A practical Hand- 

book arranged in a compact form for Ready Reference. By 

Michael Reynolds. Crown 8vo. [Inthefress. 
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Construction of Iron Beams, Pillars, &c. 

IRON AND H£AT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C.£. 3^. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-En^es, their Construction, Use, and Manage- 
ment ; Remarks on Fire- Proof Buildings, and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c, &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, i/. 41. doth, 
" We can most heartily commend iK\&\ifxJiii.**'~-Et^ineering, 

" Mr. Young's book on ' Fire Engines and Fire Brigades ' contains a mass of 
infonnation, which has been collected from a variety^ of sources. The subject is so 
intensely interesting and useful that it demands consideration. ''---.^M^M^JVVttAr. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems hi Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, i6f. doth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 

. for setting out Curves from 5 to 200 Radius. By Alexander 

Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 

and sold in a doth box, waistcoat-pocket size, y, 6d, 
" Each table is printed on a small card, which, being placed on the theodoBtei leaves 

the hands free to manipulate the iastnanenV-^JSMgiti^er. 

** Very handy ; a man may know that all his day's work must fall on two of these 

cards, which he puts into his own card-case, and leaves the rest behind." — 

Engineering Fieldwork. lAthenaum. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Lerelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In i Vol., demy 8vo, i/. ^r., d. boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By T. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Folding Plates. Royal 8vo, I2J. doth. 
" Many of the methods given are of extreme practical value to the mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be fotmd of considerable use. We commend the book to 
the eogineering profession, and to all who have to build similar shafts." — ^uiCdvrts. 
News. 

'♦ Win be regarded by civil engineers as of the utmosl vaJLuejWtA ca^oaXsaX't^^"^ "«»« 
mudi time and ohviAtt many mistakes." — Colliery Guardiaiu 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 

Levelling, Setting-out and in Route Surveys of Travellers by Land 

and Sea. With Tables, Illustrations, and Records. By Lowis 

D*A. Jackson, A-M.I.C.E. Author of "Hydraulic Manual and 

Statistics," &c. Large crown, 8vo, I2J. 6^., cloth. 

" Mr. Jackson has produced a valuable vade-mecum for the surveys. ^ We can 

recommend this book as containing an admirable supplement to the teaching of the 

accomplished surveyor." — Atktnteum. 

** A general text book was wanted, and we are able to speak with confidence of 
Mr. Jackson's treatise. . . . We cannot recommend to the student who knows 
something of the mathematical principles of the subject a better course than to fortify 
his practice in the field under a competent surveyor with a study of Mr. Jackson's 
useful manual. The field records illustrate every kind of survey, and will be found 
an essential aid to the student." — Buildings News, 

** The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and lucid style of Mnriting, renders the book both a very 
useful one and very agreeable to read." — Builder. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — I. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc. Inst. C. E. Crown ovo, y. cloth. 
"A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which he treats." — Builder, 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.I.C.E., Author of "Tramways, their Construction and Working," 
&c., &C. With numerous Illustrations. i2mo. 3^. dd, cloth boards. 

" The student cannot fail to profit largely by adopting this as his preliminary text- 
book.**— yyw» and Coal Trades Review. 

** Seems a model of what an elementary technical book should be." — Academy. 

Ftiels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.C.E. With eirtensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I. C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4r. cloth boards. 
" Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Engineer, 

Roads and Streets, 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
Clark, C.K, M.I.C.E. Second Edit, revised. i2mo, 5^. cloth. 
" A book which every borough surveyor and engineer must possess, and which will 
be ofconsiderahle service to architects, boilders, and property owners generally."— 
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Sewing Machine {The). 

SEWING MACHINERY; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technicsd Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of "Electro 
Plating : a Practical Manual ; " ** Electric Light : its Production 
and Use." With Numerous Illustrations. i2mo, 2s, 6d, cloth. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and MiStiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8yo. izr. doth. 
" The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, thtt 

genuine traverse tables existmg all the same.*'— .(4 M^xtfWMT. 

"Cannot fail, from its portability and utility, to be extensively patronised by tho 

engineering profession."— il/»w>^ Journal, 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alkx. J. S. Gkaham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, zr. dd. cloth. 
*' As a really handv book for reference, we know of no work equal to it ; and dio 
railway engineers and others employed in the measurement and calculation of earth- 
work will mad a great amount of i>ractical information very admiraUy suranged, and 
avaHable for general or rough estimates, as well as for the more exact calgilations 
required in the engineers' contractor's offices."— ^r/nRM. 

Drawing for Engineers^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawii^, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Fourth E^tion, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 41. 

" A copy of it should be kept tor reference in evory drawing office.** — Engmuring. 

" Indispensable for teachers of engineering drawing."— iHfr^AawftCY* MagoMUtg. 

Wealis Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHiEOLOGY, the FINE ARTS, &c. By John Wbalk. 
Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Muimg 

Records, Editor of *' Ure*s Dictionary of Arts." i2mo, 6x. d. bds. 

** The best small technological dictionary in the language." — Arcfciiect. 

" Tl» absolute acctftacy of a work of this character can oxJk^j >» Vx^^bP^ ^s,*^^*- 
extensive consultation, and from our exanunauoa vt a.'gpeaxs N«rj cwctft^ «»»■ ""wa^ 
comple^c**^M$Mmg journal. 
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MINING, METALLURGY, ETC. 

♦ 

Coal and Iron, 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kingdom. 8vo., ;^i &f. cloth. [Just published. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Davies, F.G.S., author of ** A Treatise on 
Slate and Slate Quarrying." With numerous wood engravings. 
Second Edition, revised. Cr. 8yo. I2j. 6d, cloth. 
" Without quesdcm, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it^is given concisely 

and intelligibly." — Mining^ Journal, 

Slate and Slate Qtuirrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Ulustrations and Folding 
Plates. Second Edition, carefully revised. 1 2mo, ys, 6d. cloth boards. 
" Mr. Davies has written a useful and practical hand-book on an important industry, 
with all the conditions and details of which he appears familiar." — Mngineering. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c By H. Baue&man, F.G.S. Fourth Edition, 
i2mo, 5j. cloth. 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c By William Morgans. Volume of Text. 
i2mo, 3^. With an Atlas of Plates, containing 235 Illnsttations. 
4to, 6s. Together, 91. cloth boards. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveyixig, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c, lamo, 41. doth. 
\* The above, bound with Xhoman's Tables. (See page aa) 
Price ^s. 6^. cloth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector 
of the Mines of the Crown. Fi^h edition, revised and corrected. 
i2mo, with numerous Illustrations, 4J. cloth boards. 




th^ two principal methods of working, the book will doubtless interest a very 
large number of readers." — Mining Journal. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct'-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michell, Joint- Authorof" The 
Cornish System of Mine Drainage." 8vo, i5j.clotli. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 

« 

Pocket Book for Naval Architects& Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. With 
numerous Diagrams. Fcap., I2j. 6^., strongly bound in leather. 
*' Should be used by all who are engaged in the construction or design of vessels." 
— Engineer. 

** There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book.** — English Mechanic. 

*' Mr. Mackrow has compressed an extraordinary amount of information into this 
useful vohxaM"-^Athenaum. 

Grantham's Iron Ship-Building. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including tbe latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst C.E., &c. 2/. ^s. complete. 

" Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in genexal. By ord^ of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based." — Engineering. 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULAE FOR MARINE ENGINEERS. By Frank Proctor, 
A.LN.A Second Edition, revised and enlarged. Royal V-^c&s^^ 
leather, gilt edges, with strap, 45. 
"A most useful ctnupanion to all marine cngmeers."— United Seniice ^*?J^ii? * ^^x- 
•• Scmrcely anything required by a navad cngm«« av9«axs \o \iaN^ \i«ea. 

gotten. "T/fVM, 
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Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 2ij. cloth. 

Surveying {Land and Marine). 

LAND AND MARINE SURVEYING, In Reference to the 

Preparation of Plans for Roads and Railways, Canals, Rivers, 

Towns' Water Supplies, Docks and Harbours ; with Description 

and Use of Surveying Instruments. By W. Davis Haskoll, C. £. 

With 14 folding Plates, and numerous Woodcuts. 8vo, 12s. 6d. doth. 

'* A most useful and well suranged book for the aid of a student" — Builder. 

" Of the utmost practical utility, and may be safely recommended to all students 

who a^ixe to become clean and eacpert surveyors.** — Mini9$g younuU. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, lar. 6^. cloth boards. 

Rudimentary Navigation^ 

THE SAILOR'S SEA-BOOK: a Rudimentary I'reatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. RossER. i2mo, 3^. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
•and Nautical Calculations ; to which is prefixed a Treatise on 
Lqg;arithms. By Henry Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 41. cloth boards. 

Navigation {Practical) ^ with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
vnth the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, 7^. strongly half bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The follcnmng books in Naval Architecture^ etc.^ are published in the 

above series, 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N. A. Fourteenth Edition. i2mo, 2J. 6</. cloth. 

SAILS AND SAIL-MAKING. Eleventh EdiUon, enlarged. By 

Robert Kipping, N.A. Illustrated. i2mo, 3J. cloth boards. 
NAVAL ARCHITECTURK By James Peake. Fourth Edition, 
with Plates and Diagrams. i2mo, 41. doth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 
Murray, C.E. Seventh Edition. i2mo, v« ^' ^^^'^'V^ax^ 
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ARCHITECTURE, BUILDING, ETC. 
Construction. — •— 

THE SCIENCE of BUILDING : An Elementaiy Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. With 58 Wood Engravings. Second Edition, revised and 
enlarged. Including an entirely new chapter on the Nature of 
Lightning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo, yj. 6</. doth. 

*' A very valuable book, which we strongly recommend to all students."— ^w^dSrr. 

** No architectural student should be wi^ut this hamd-book." — Architect. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specincations and Estimates. By C. Wickbs, Architect, 
Author of " The Spiresand Towersof the Mediaeval Churches of Eng- ' 
land,'' &C. 31 Plates, 4to, half morocco, gilt edges, i/. is, 
%* Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/. 2^. half morocco. 

Useful Text' Book for Architects. 

THE ARCHITECTS GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. Bjr F. Rogers. Cr. 8vo, dr. doth. 
"As a text-book of useful information for architects, engineers, surveyors, &&, it 
would be hard to find a handier or more complete little w^yxnit^*— Standard. 

Taylor and Cresy's Rome, 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S. A., and Edwabd Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (son 
of the late G. L. Taylor, Esq.) This is the only book which gives 
on a large scale, and with the precision of architectural measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detaiL Large folio, with 130 Plates, half-bound, 3/. 3^. 
*»* Originally published in two volumes, folio, at 18/. i8j. 

Vitruviu^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S. A, F.R.AS. 
Numerous Plates. i2mo, cloth limp, 5^. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. WiGHTWiCK. 
New Edition. By G. H. Guillaume. i2mo, cloth, 4J. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments." — Architect. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
J3UILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. WiA 14 Plates, 4to, 7^. ddT. boards. 

On the ydnts used in Building, 

JOINTS MADE AND USED BY BUILD¥.^?> V^^^^^^^a^ic 
Treatise oxi). ^y W. J. Christy, KTc\C\\.e:i\.. ^\v\v ^wi^- v\ci 
lUustrations. i2mo. \J^^ ^^ ^^^^ 
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Cement. 

PORTLAND CEMENT FOR USERS. By Henry Faija, 
A.M., Inst. C.E., with Ulnstiatioiis. Crown 8vo. y, 6d, doth. 
" A nseliil compendium of results for the builder and architect." — Buildmg News, 

The House-Owne/s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it 
Cost to Build, Alter, or RqMur? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Ajchitectural 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited by Francis T, W. Miller, A.R.I.B.A., Surveyor. 
Third Edition, Revised. Crown 8vo, y, 6</., cloth. 
*' In two years it will repay its cost a hundred times over." — Field. 

Boiler and Factory Chimn^s. 

BOILER AND FACTORY CHIMNEYS ; their Draught power 
and S tability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E. Crown 8vo, 3^. 6^. cloth. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q .C, F.R.A.S. Author of "Clocks and 
Watches and Bells, ' &c. i2mo, 5^. cloth boards. 
*' A book which is always amusing and nearly always instructive. We are able 
veiy cordially to recommend all persons to read it for themselves. "-^Times. 

''We commend the book to die thoughtful consideration of all who are interested 
in the buildin&; acct."— Builder. 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prising VITRUVIUS, translated by Joseph Gwilt, F.S.A., 
&c., with 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; i2mo, 6j., half-bound. 
*»♦ The only edition of VITRUVIUS procurable at a moderate price. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prUing THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Garbett. 
Numerous illustrations, l2mo, dr. half-bound. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual ofL With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson. Third Edition, Revised. i2mo, 6j. dotb. 
" Contains a mass of information of use to the amateur and of value to the practical 
man." — English Mechanic. 

Civil Architecture. 

A TREATISE on THE DECORATIVE PART of CIVIL 
ARCHITECTURE. By Sir William Chambers, F.R.S. 
With Illustrations, Notes, and an Examination of Grecian Archi- 
tecture. By Joseph Gwilt, F.S. A. Revised and edited by W, 
H, Leeds, 66 Plates, 4to, 21s. doth. 
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Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Third Edition, enlarged, with 300 illustrations, l2mo. 41. cloth. 
*' The chapters on house-drainage may be usefully consulted, not onlv by plumbers, 
but also by engineers and all engsiged or interested in house-building.— /fv». 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Iliustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. iix. 6^. 
" In this work forty-four si)ecifications of executed works are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects." — Buildtr, 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15^. doth. 

*«* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. — Extract from Preface, 

Designingy Measuring^ and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and Copious 
Memoranda for the Vsduation of Labour and Materials in the re* 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperha^er, &c With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for fadlitating Calculations and Measure- 
ments. By K Wyndham Tarn, M.A., 8vo, lar. dd, doth. 

" Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefuhiess of the ■wor\Kj*'—Engifuerin£. 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners* work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of '* Quantities and 
Measurements." Second Edition. Waistcoat-pocket size. is. 6d. 

Beaton's Builders* and Surveyors* Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: contaming a Complete 
Explanation of the Terms used in Buil<ting Construction, Memo- 
randa for Reference, Technical Directions for Measujasaj^'W^^Vssi. 
all the Building Trades, &c. By A.. C. 1&«JC^a^. \s* ^- 
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Builder's and Contractors Price Book. 

LOCKWOOD & CO/S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building, 
&c. Revised by F. T. W. Miller, A.R. LB. A. Half-bound, 4J. 

Roofs (the Construction of) 

THE CONSTRUCTION OF ROOFS, OF WOOD AND 
IRON : (An Elementary Treatise) deduced chiefly from the Works 
of RoBisoN, Tredgold, and Humber. By E. Wyndham Tarn, 
M. A., Architect, With illustrations. \lntkt TreiS, 



CARPENTRY, TIMBER, ETC. 

♦ 

TredgolcTs Carpentry ^ new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Araies, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To whidx 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materiids, &c By Thomas Trsdgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to, published at 2/. 2^., reduced to i/. 5^. doth. 
" Ought to be in every architects and every builder's library, and d&ose who 
do not abready possess it ought to avail themselves of the new issue.— if«£UW'. 

"A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time. The additional plates are of great intrinac value."-— if»»6fii«^ iVnwi; 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

& BUILDER'S STANDARD GUIDE. By R. E. Grandy. 

2nd Edition. Carefully revised and corrected. i2mo, y, 6^ doth. 
*' Everything it pretends to be : built up gradually, it leads one from a forest to a 
treenail, and tmrows in, as a makeweight, a host of material concerning bricks, columns, 
cisterns. &c — all that the class to whom it appeals requires."— ^n^ZtfA Meckanu, 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crown 8vo, 6f. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 410, 3J. 6^. doth. 

" Invaluable labour-savini; tables." — Ironm»ngtr. 

Carriage Building, &c. 

COACH BUILDING: A Practical Treatise, Historical and 

Descriptive, containiii£ full information of the various Trades and 

Processes involved, with Hints on the proper keeping of Carriages, 

&c, S7 Illustrations. By James W. burgess. i2mo, y. cloth. 
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Hortofi^s Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
With just sdlowances for the bark in the respective species of 
trees, and proper deductions for the waste in newing tne trees, 
&c ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. By Richard Horton. 
Fourth edition, with considerable and valuable additions, i2mo, 
strongly bound in leather, 5^. 

Hortotis Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, 2j. leather. 

Nicholsatis Carpenter^ s Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprismg all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's stands^ work. A new Edition, revised 
by Arthur Ashpitsl, F.S.A., together with Practical Rules on 
Drawing, by George Pyns. With 74 Plates, 4to, i/. ix. doth. 

Dowsing' s Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersbur|;h Standard 
Hundred, &c., &c. Also a variety of other valuable mformation. 
By William Dowsing, Timber Merchant Third Edition, Re- 
vised. Crown 8vo, 3^. cloth. 
"Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess \t.**-^HuU Advertiser. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength ot Timber, Remarks on the 
Growth of Timber, &c. By W. Richardson. Fcap. 8vo, 3J. 6</. cL 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 

Construction. With Hints on the Management of Saw Mills and 

the Economical Conversion of Timber. Illustrated with Examples 

of Recent Designs by leading English, French, and American 

Engineers. By M. Powis Bale, M.I.M.E. Large crown 8vo, 

I2X. 6d, cloth. 

" Mr. Bale is evidently an expert on the subject, and he has collected so much 

information that his book is all-sufficient for builders and others engaged in the con- 

version of timber. "—A rckitect. 

"The most comprehensive compendium of wood-vroTVXxv^^ 'maic^vQKr<i '<««.\san^ 
seen. The author is a thorough master of Ids subject.*' — Building Nruis. . 

** It should be in the otfce of every wood-working factorv.**— EnglisH Mech«ni»« 
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^ . MECHANICS, ETC. 

1 urmng. — • — 

LATHE- WORK : a Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. By Paul N. Has- 

LUCK. With numerous Illustrations drawn by the Author. 

Crown 8vo, 5j. cloth. 

" Evidently written from personal experience, and {pives a large amount of jost 

that sort of information which b^^inncrs at the lathe require." — Builder. 

Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TIC AL ASSISTANT. By W. Tbmpleton. 12th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&c. ; and an Extensive Table of Powers and Roots, i2mo, 5x. bound. 
" Admirably adapted to the wants of a very laz^^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this Utde work."— ^tw^^M^ Newt. 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; compiisii^ a Collection of Useful 
Tables, Rules, and Data. By Wm. TEMPLETON. i8mo, 2s. 6d. 

Waistcoat'Pocket Book for Mechanics ^ &c. 

TABLES and MEMORANDA FOR MECHANICS, ENGI- 
NEERS, ARCHITECTS, BUILDERS, SURVEYORS, and 
OTHERS. Selected and Arranged by Francis Smith. Waist- 
coat-pocket size. [In the press. 

Boiler Making. 

THE BOILER-M AKER'S READY RECKONER. By John 
Courtney, Edited by D. Kinnear Clark, M. Inst. C.E. 
Crown 8vo. \In the press. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICLAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in length, 
by I to 108 inches in breadth. By J. Hawkings. Fcp. 3^. 6^. cL 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alban. Translated from the German, with Notes, by Dr. Pole, 
F.R.S. Plates, 8vo, idr. td. doth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. Wilson, C.E. 
Fifth Edition. i2mo, df. cloth. 

" The best work on boilers which has come under our notice." — Et^^tMeering. 

'* I'he best treatise that has ever been published on steam boilers." — Engimeer. 

Mechanics. 

THE HANDBOOK OF MECHANICS. By Dionysius 
Lardner, D.C.L. New Edition, Edited and considerably En - 
hrged, by Benjamin Loewy, F.R.A.S., &c, post 8vo, 6s. cloth. 



PUBUSHED BY CROSBY LOCKWOOD & CO. 19 

MATHEMATICS, TABLES, ETC. 

♦ 

Metrical Units and Systems^ &c. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the present Century. By Lowis D' A. Jackson, 
A.-M. Inst. C.E., Author of "Aid to Survey Practice," &c. 
Large Crown 8vo. [/n the press. 

Gregorys Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; bemg a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
ror the Use of Civil Engineers, Architects, and Surveyors. Part I. 
P(7RS Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part XL Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c. By Olinthus Gre- 
gory, LL.D., F.R.A.S. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i^ is. doth. 
*' The engineer or architect will here find read^^ to nis hand, rules for solving nearly 
every mathematical difficulty that may arise in lus practice.** — BuiUUr, 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DowLiNG, C.E. 2nd Edit, revised and enlarged. 8vo, lOf. td. cl. 
" Their acciuacy has been certified by Prof. Airy, Astronomer-RoyaL"— ifitfZt/(rr. 

Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold: Annuities, Advowsons, &c., and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c By William In wood. 21st edition, with 
Tables of Logarithms for the more Difficult Computations of the 
Interest of Money, &c. By M. F^dor Thoman. lamo. &r. cloth. 

** Those interested in the purchase and sale of estates, and hi the adjustment of 
compensaticm cases, as well as in transactions in annuities, life insurances, &c., will 
find the present edition of eminent 9ay\Qit,**'--EngiHeering. 

Geometry for the Architect^ Engineer ^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. By E. W. Tarn, M. A. , Architect. Second Edition, with 
Appendices on Diagrams of Strains and Isometrical projections. 
DemySvo, 9j. cloth. {Just published. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition. i2mo, 5j. cloth. 

Weights, Measures^ Moneys, &c. 

MEASURES, WEIGHTS, and MONEYS of all NATIONS, 
and an Analysis of the Christian, Hebrew, and Mab.o«sft.^asv 
Calendars. Entirely New Edition, ReVvsed «ltv^ ^\5kax^^^. ^^ 
W. S. B. WOOLHOUSE, F.R.A.S. 12mo, as. e>d, €Lo'Co.>aa5a5^. 
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Compound Interest and A nnuities. 

THEORY of COMPOUND INTEREST and ANNUITIES; 
with Tables of Logarithms for the more Difficult Compntatioiis of 
Interest, Discount, Annuities, &c, in all their Applications and 
Uses for Mercantile and State Purposes. By FiDOR Thoman, 
of the Sod^ Credit Mobilier, Paris. 3rd Edit, i2mo, 4/. 6^/1 d. 
" A very p ower fu l wcnlc, and &e Author has a ytxj ranadcable rmninand of his 
«Ai^eclL**^Prqfessar A, de Morga$i. 

Iron and Metal Traded Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from is. per cwt, to Ii2x. per 
cwt, and from one farthing per lb. to ix. per lb. Each Table ex« 
tends from one lb. to 100 tons. ByT. Downie. 396 pp., 9;., leather. 
" A most useful set of tables, and will supply a want, for nothing; like them before 
txaXadu'— Building News, 

Iron and Steel. 

IRON AND STEEL: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, andConsultingEngineers ; Architects, Builders, 
&c. By Charles Hoare, Author of *The Slide Rule,' &c. Eighth 
Edition. With folding Scales of "Foreign Measures compared 
with the English Foot," and ''fixed Scales of Squares, Cubes, 
and Roots, Areas, Decimal Equivalents, &c'' Oblong, 32mo, 6r., 

' leather, elastic-band. 

" For comprdiensiveness the book has not its equal." — Iron, 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from I Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will affi^M an aggregate of 10,266,000 Answers ; the whole ^ing 
calculated and designed to ensure Correctness and promote 
Despatch. By Henry Harben, Accountant, Sheffield! New 
Edition. Royal 8vo, i/. 5^., strongly half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of usin£ Discounts, either in the Purchase or Sale of Goods, and 
the meuiod of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required pront after allowing one or more Discounts : to which 
are added Tables of Profit or Advance from i^ to 90 per cent.. 
Tables of Discount from i^ to 98! per cent., and Tables of Commis- 
sion, &c., from \ to 10 per cent. Bv Henry Harben, Accountant. 
NewE^tion. Demy Sro, l/. 51., naiC-boMtid. 
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SCIENCE AND ART. 



The Construction of the Organ. 

PRACTICAL ORGAN BUILDING. By W. E. Dickson, 
M.A., Precentor of Ely Cathedral. Crown 8vo, 5^. cloth. 
" In many respects the book is the best that has yet appeared on the subject. We 
cordially recommend it." —English Mechanic. 

"Any practical amateur following the instructions here given might build an 
organ to his entire satisfaction." — Leeds Mercury. 

Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formulae, Tables, and Receipts for Gold 
Plate, Clasps, Solders, etc., etc. By Charles Hunter. With 
numerous Wood Engravings. Crown 8vo, ^s. 6d. cloth. 

"The work is very practical" — Monthly Review 0/ Dental Surgery. 

"An authoritatiYe treatise We can stronely recommend Mr. Himter*s 

treatise to all students preparing for the profession of dentistry, as well as to every 
mechanical dentist.** — buoUn Journal of Medical Science, ^ [and Circular, 

"The best book on the subject with which we are acquainted.** — Medical Pres% 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, y, (>d, cloth. 

''A thoroughly scientific treatise in poi>uIar language. It is evident that the 
author has mastered his subject in its scientific aspects." — Morning Advertiser, 

** We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage.*' — Brewer, 

Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
The processes of Manipulation, Recovery of Waste, Chemical and 
Physical Properties of Gold, with a new System of Mixing its 
Alloys ; Solders, Enamels, and other useful Rules and Recipes, &c. 
By George E. Gee, Goldsmith and Silversmith. Second Edition, 
considerably enlarged. l2mo, 3^. (>d, cloth boards. 
"The best work yet printed on its subiect for a reasonable price." — Jeweller . 
" We consider that the trade owes not a little to Mr. Gee, who has in two volumes 

compressed almost the whole. of its literature, and we doubt not that many a young 

beginner will owe a part of his future success to a diligent study of the pages which 

are peculiarly well adapted to his use." — CUrkenwell Press. 

"Essentially a practical manual, well adapted to the wants of amateurs and 

apprentices, containing trustworthy information that only a practical man can 

supply." — English Mechanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver, including the 
■ different modes of refining and melting the metal, its solders, the 
preparation of imitation alloys, &c. By George E. Gee, 
teweller, &c. l2mo, 3^. (xi, cloth boards. 
" "nie chief merit of the work is its practical character. The'voTVLKR.vft.^^Xxa.^^ 



" ine ciuet merit ot tne work is its practical character. Lne'woTVL.«x%vGL\xw^\x^cA. 
will speedily discover its merits when they sit down to stud-^ \U'* — EnglisH Mechanic^ 

**^This work forms a. valuable sequel to the authors Practical Gold-ujoriwT^ «w 
BuppUes a want long felt in the silver trade." — SUversmitK% Trade 'Joumau 
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Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Working of Galvanic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. Urquhart, C. E, 
Author of ** Electroplating." Edited by F. C. Webb, M.LC.E., 
M.S.T.E. With 94 Illustrations. Crown 8vo, ^s. 6d. cloth. 
" It is the only work at present available, which gives a general but condse history 

of the means [which have been adopted up to the present time in producing mt 

electric ^^t.**— -Metropolitan. 
" An important addition to the literature of the electric light. Students of the 

subject should not fail to read it."— Colliery Guardian, 

Lightning, &c, 

THE ACTION of LIGHTNING, and the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Arthur Parnell, Major in the Corps of Royal Engineers. 
i2mo. [In the press. 

Electroplatings <5fc, 

ELECTROPLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, $s, doth. 
'* A large amount of thoroughly practical informauon." — Telegraphic youmaL 
*' An excellent practical manuaL — Engineering. 

** The information given appears to be based on direct personal knowledge. . . . 
Its science is sound, and the style is alwa3rs dLeax.**-~Athetueunt. 

"Any ordinarily intelligent person may become an adept in electro-depositiop 
with a very little science indeed, and this is the book to show the way.*'— ^MU^rr. 

Electrotyptngy &c. 

ELECTROTYPING : a Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro-deposition of Metals. By J. W. Urquhart, C.E, 
Crown 8vo, $s, cloth. 
" Will serve as a guide, not only to beginners in the art, but to those who still 
practise the old and imperfect methods of eiectrotyping." — Iron. 

" The book throughout is entirely practical, and is lucid and clear in style. It b a 
reliable work.*' — Paper and Printing Trades youmal. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others coxmected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, revised by an Officer of the 
Corps ; nearly 350 Engravings and many hundred Woodcuts. 
3 vols, royal 8vo, cloth boards, 4/. lar. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, doth, with separate Atlas of 12 Plates, 12s, complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By* J. 
W, Slater, Second Edition. \.In preparation. 
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The Alkali Trade — Sulphuric Acid, (5fc. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-npon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text Super-royal 8vo, 
2/ I2J. 6d, cloth. [Just pubiished. 

This workfrovicUs (i) a Complete Handbook fer intending Alkali and Sulpkuric 
Acid Manufacturers^ and for those already in the field who desire to improve their 
plants or to become practically acquainted with the latest processes and developments 
of the trade ; (2) a Handy Volume which Manufacturers can put into the Juinds qf 
their Managers and Foremen as a useful guide in their daily rounds of duty. 

Synopsis of Contents. 



Chap. I. Choice of Site and General 
Plsua of Works — II. Sulphuric Acid — 
III. Recovery of the Nitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
ladoa tnxm the Nmdoas Vapours Ques- 
tion — ^VI. The Hargreaves' and Jones' 
Processes— VII. The Ballbg Process— 
VIII. Lixiviation and Saltii^ Dowm — 



IX. Carbonattng_or Finishing— X. Soda 
Crystals — XI. Refined AlkaU— XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
UtiUsation of Tank Waste-XVI . General 
Remaiks — Four Apjpendices, treatiilg of 
Yields, Sulphuric Add Calculations, Ane- 
mometers, and Foreign Legislation upon 
the Noxious Vapours Question. 



"The author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer, 

" This book is written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 33a wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is very mlly described in this manual, and 
each iminrovement explained. Everything which tends to introduce economy into 
the technical details of this trade Keceives the fullest attention. The book has been 
produced with great completeness.*' — Athenaum. 

"The author is not one of those clever compilers who, on short notice, will 'read 
ttp* any conceivable subject, but a practical man in Uie best sense of the word. We 
find hare not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlocdced by 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally 2u;>preciated. we must pronounce a credit alike to its author 
and to the enterprising firm who have undertaken its puMicati(m. "—CArwttca/ 
Review, 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manu&ctures, 
in Trades, and in the Arts. By A. Normandy, Author of *' Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise on Chemical Analysis.'' New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, \zs. 6d, doth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
■ffinned to be of universal into-est, and we stnmgly recommend it to our raiders as a 

£iidflt, alike indispensable to the housewife as to the pharmaceutical practitioner."— 
edfcal TifHcs. 

"Essential to the anal^ts appointed under the Tie:w kcX. tVue ToneX. xtK:»)X.x^»^^ 
tucgirea, and the work u well edited and cazeCuHly 'wixUtuu** — Natwrt. 
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Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited ly 
DiONYSius Lardner, D.C.L., formerly Professor of Natcunal Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £1 is., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 31J. 6d, 

OPINIONS OF THE PRESS. 

" This series besides affording popular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of * common things ' which every well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
in the belief and hope that the desire for instruction and improvement widely pre- 
vails ; and yrt have no fear that such enlightened faith will meet with disappoint- 
ment" — Times. 

** A cheap and interesting publication, alike^ informing and attractive. The papers 
combine subjects of importance and great scientific knowledge, considerable inouc- 
tive powers, and a popular style of treatment." — Spectator. 

** The * Museum of Science and Art ' is the most valuable contribution that baa 
ever been made to die Scientific Instruction of every class of society." — Sir David 
Brewster in the North British Review. 

"■ Whedier we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must exiu-ess our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
pet^le of so many ages and classes as a valuable present."-— ^jrmwM^r. 

\* Separate books formed from the above^ suitable for Workmet^s 

Libraries^ Science Classes^ ^c, 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c 233 Illustrations, doth gilt, 5^. 

THE MICROSCOPE. Containmg Optical Images, Magnifying 
Glasses, Origin and Description of Uie Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c 147 Illustrations, cloth gilt, 2s, 

POPULAR GEOLOGY. Containmg Earthquakes and Volcanoes, 
the Crust of the Earth, etc 201 lUustrations, doth gilt, 2s, 6d, 

POPULAR PHYSICS. Containing Magnitude and Mmuteness, the 
Atmosphere, Meteoric Stones, PopuUir Fallades, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c 85 Illus- 
trations, doth gilt, 2s, 6d, 

STEAM AND ITS USES. Indudii^ the Steam Engine, the Lo- 
comotive, and Steam Navigation. ^ Illustrations, doth gilt, 3j. 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4x. 6iL 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, doth gilt, 2s, 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Sden- 
tific Acquirements, the various forms of Tdegraphy in Actual 
OpentJonu 100 Iliustzations, doth gilt, K. 6<i. 
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Dr. Lardner^s Handbooks of Natural Philosophy. 

*•* The following Jive volumes^ though each is Complete in itself^ and to be^ir- 
chased separately t form AComplbtb Course of Natural Philosophy, and are 
intended for the general reader who desires to attain accurate knowledge of the 
various departments of Physical Sciettce^ without pursuing them according to the 
more profound methods of mathematical investigation. The style is studiouslv 
Popular. It has been the author's aim to supply Manuals such as are required ay 
the Student t the Engineer, the Artisan, and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s, cloth. 

'* The perspicuitv of the original has been retained, and chapters which had 
become obsolete, haye been replaced by others of more modem character. The 
explanations^ throughout are studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining Journal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 

New Edition, Revised and Enlarged by Benjamin Loewy, 

F.R.A.S. With 236 Illustrations. Post 8vo, 5j. cloth. 
" For those ' who desire to attain an accurate knowledge of physi^ science with- 
out the profound methods of mathematical investigation/ this work is not merely in- 
tended, but well adapted." — Chemical News, 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc. 117 Illustra- 
tions. Post 8vo, 6j. cloth. 

*' The style is always clear and precise, and conveys instruction without leaving 
any cloudiness or lurlang doubts hfAanA.*''^Engineertng, 
THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post 8vo, 5^. doth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately 
liXasltnited.'*— Mechanics' MagaziTte. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B. A., F.C.S. With 400 Illustrations. Post 8vo, 5j. doth. 

" The book could not have been entrusted to anjr one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and brin^^g up his 

work to the present state of scientific knowledge." — Popular Science Review, 

Dr. Lardner' s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the " Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L., formerly Professor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by Edwin Dunkin, F.R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of loo Woodcuts. 
In I vol., small 8vo, 550 pages, 9^. 6^., cloth. 
" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this b 
offered to the public." — Athenatum. 

** We can do no other than pronounce this work a most valuable manu il of astro- 
nomy, and we strongly recommend it to all who wbh to acquire a general — but at 
the same time correct — acquaintance with this sublime science." — Quarterly JoumoU 
of Science. 

Dr. Lardnef^s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edi!dcw\, ?»tm2^ %s^> 
doth, 732 pa^es, 'js, 6d. 
" We bare no hesitation in cordially recommending It,"— Educatiottol Ti»n«*« 



a6 WORKS IN SCIENCE AND ART, ETC., 

Dr. Lardner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Laxdnbe. 

328 Illustrations. Sixth Edition, i vol. 5^. 6tL doth. 
" ConveysL in dear and precise terms, general notions of all the priacxpal ^visioas 
of Physical Science."— ^rvVwA Quarterly Review, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdnbr. 

With 190 Illustrations. Second Edition. I vol. 5^. 6d, doth. 
" Qearly wntten,well arranged, and excellently illustrated "--{^n^SnMrr'CArwM«ei!r. 

Dr. Lardner's Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re-written, by K B. Bright, F.R.A.S. 
140 Illustrations. Small 8vo, 2j. 6^. doth. 
" One of the most readable books extant on the Electric Telegraph."— iFM^f. MeeJUmic 

Electricity. 

A MANUAL of ELECTRICITY ; indudhig Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto- Electridty, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with 500 Woodcuts. 8vo, i/. 4J. doth. 



" The accounts ^ven of electricity and galvanism are not only complete in a 
sense^ but, which is a rarer thing, are popular and interesting. —-Z>a«£v#. 

Text' Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELfiCTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
lully Revised. With an Introduction and Additional Chapten 
by W. H. Preece, M.I.C.E., Vice-President of the Soci<^ of 
Tel^;raph Engineers, &c. With 470 Illustrations. Crown Svo, 
I2J. (}d, cloth. . 
" A reflex of the existing state of Electrical Science adapted for sttidents."'' 
W. H. Preece, Esq., vide ** Introduction." 

" We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are incbs- 
pensable."— <4 tkenu um. 

** An admirable text-book for every student— beginner or advanced— of electridty.* 
'^Engineertng'. 

" Recommended to students as one of the best text- books on the subject that they 
can have. Mr. Preece appears to have introduced all the newest inventions in the liuipc 
of telegraphic, telephomc, and electric-lighting apparatus."— .£i>WtfA Mectumic, 

"The work conuuns everything that the student can require.' — Academy. ^ 
^ *' One of the best and most useful compendiums of any branch of science in our 
literature." — Iron. 

>y Under the editorial hand of Mr. Preece the late Dr. Noad's textbook of elec* 
tricity has grown into an admirable h»ndho6k."'—JVesimi»tsl'er Review, 



Geology and Genesis. 



u 



THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and Wonderful ConoordT By 
George W. Victor le Vaux. Fcap. 8vo, $$, cloth. 

A valuable contribution to the evidences of revelation, and disposes very conclu- 
sively of the arguments of those who would set God% Works against God's Word. 
No real difficulty is shirked, and no sophistry is left unexposed.'*— •T'Ae Reck, • 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 7j. (hL cloth. 
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Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Allied Discrepancies; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
C^eral — ^Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars, &c By rrofl J. R. Young. Fc^. 5j. d. 

Geology. 

A CLASS-BOOK OF GEOLOGY : Consisting of " Physical 
Geology," which sets forth the Leading Principles of the Science ; • 
and '* Historical Geology, '* which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. 8vo, 5^. doth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rer. 
John Carr, M.A., late Fellow of Trin. ColL, Camb. i8mo, ^s, cl. 

blocks ^ Watches^ and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart. (late £. B. 
Denison), LL.D., Q.C., F.R.A.S. Sixth edition, revised and en- 

. larged. Limp doth (No. 67,Weale's Series), 4/. 6d,\ dothbds. 5J-. td, 

** As a popular and practical treatise it is unapproached." — English Mechanic. 

*'Tlie best work on the subject probably extant. The treatise on bells is ub- 
dcnbtedly the b^t in the language."— ^ns^^M^mjitf'. 

"The <mly modem treatise on dock-making."— //iffrvAtfttfa/ Journal, 

House Decoration, 

ELEMENTARY DECORATION : A Popular Guide to the 
Simpler Forms of Everyday Art, as applied to the Interior and 
Exterior Decoration of Dwelling Houses, &c. By J. W. Facey, 
Jonr. With numerous Illustrations. Crown Svo. \In the Press, 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, appKed to Decorative 
Painting and the Arts. By George Field. New edition, en- 
btfged. By Ellis A. Davidson. With new Coloured Diagrams 
and Engravings. i2mo, 5^. 6^. cloth. 
" The book b a most useful risntni of the properties of pigments."— ^ly/A^. 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Redlining, and Restoring, Principal Schools of Painting, 
Copyistsahd Imitators. By Philippe Daryl,B. A. Cr.8vo,3f.6</.d. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg, Directors of the Rotterdam Painting 
Institution, niastrated with 24 full-size Co\o^»l«^^^a^.^^^'«^'^ 
icPkittPJate^ comprising 1 54 Figures. ¥oUo»»l.\»s»W.\s««»^ 
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DelamoMs Works an lUununatian & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Begmnen : with a Rndmiciitazy Treatise on the Ait, Prac- 
tical Directions for its Exercise, and nmneioos Examples taken 
from nhmunated MSS., printed in Gold and Coloan* By F. DXLA- 
MOTTB. Small 4to, 9r. El^antly bound, doth antique. 

" Hie cxanqiies of anc i ent MSS. nooamended to die slurlcwt, vludi, w^ mnch 
yood seme, dke author cfaooiw fron collectioos accessihle to aD,aie ael ect c d with 
judgment amd knowledge, as well as tastc^—w^ thrmmtmu 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 

from the Eighth Century, with Nomeials ; indading Gothic, 

Chmxh-Text, German, Ita^an, Arabesque^ Initials Monograms, 

Crosses, &c. Collected and ei^raved by F. Delamottk, and 

printed in Colours. New and Cheaper Edition. Royal 8vo^ 

oblong; 2/. 6^. ornamental boards. 

'' For those who insert enamelled sentences round ^deddiaUoes, who blazon shop 
trends over shop-doon, who letter dinrdi walls widi pithy tentcnccs from the 
Decalogue, this book will be nsefiiL'*-- ^/AcNMnoK. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 

MENTAL ; induding German, Old English, Saxon, Italic, Per- 

n>ective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 

Riband, Gothic, Rustic, and Arabesqne, &c, &c Collected and 

engravcMi by F. Delamottk, and printed in Colours. New and 

Cheaper Edition. Ro3ral 8vo, oblong, 2x. dd. ornamental boards. 

" There is comprised in it every possible shape into which the letters of die alphabet 
and numerals can be formed." — StandartL 

MEDIiEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Contaming 2i Plates, and 
Illuminated Title, printed in Gold and Colonrs. With an Intro- 
duction by J. Willis Brooks. Small 4to, 6s. cloth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias* 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamottk, and 
printed in Colours. Oblong royal 8vo, is, 6d, ornamental wrapper. 

Wood' Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s, 6d. 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from 'A Lady's ' publication."— v4/A«9unMw. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art Bv Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. InsmallSvo, 51. 6^.cloth« 
%* This Work has been adopted as a PrtMe-book in the Schools of 
Art at South Kensinston, 
" Contains a large amount <» oripnal matter, agreeably conveyed."— ^mUW*. 
'* Much may be learned, even b^ those who nmcy they do not require to be taught, 
from the careful penisal of this unpretending but cominrdieDsivetreatiML^-n^f^yMvri^ 
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AGRICULTURE, GARDENING, ETC. 

♦ 

Ycmatt and BurrCs Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. is, half-bound. 
" The standard and text-book, with the farmer and grazier."— .Farmrr'f Magvunne, 
''A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express, 

History, Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4J. cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc. By John Ewart, 
Numerous Illustrations. Cr. 8vo, 5^. cloth. 
" A compact and handy volume on the meat question^ which deserves serious and 
thoughtful consideration at the present time." — Meat and Provision Tradei Review, 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice, by R. Scott Burn. With Illustrations. Second 
Edition. i2mo, 4r. cloth boards. 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — UtiHsation of Town Sewage, Irrigation, &c. New Edition. 
In I voL 1250 pp., half-bound, profusely Ulustrated, \2s. 
'* There is sufficient stated within the limits of this treatise to prevent afiumer 
from going far wrong in any of his ofterations."— C7^j^fV/r. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showmg how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, etc By George M. F. Glenny, 
I2mo, 25, cloth boards. 



30 WORKS IN AGRICULTURE, GARDENING, ETC., 

The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Farming, the Setting-out of Farms, 
Construction of Roads and Farm Buildings, of Waste or Un- 
productive Lands, Irrigation, Drainage, &c. By R. ScoTT BURN. 
Second Edition. i2mo, 3J. cloth. 
"A complete and comprehensive outline of the duties appertaining to the manage- 
ment of landed estates.*' — youmal of Forestry, 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. i2mo, 31. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn, With Illustrations. Consisting of the above 
Two Works in One vol., 6j. half-bound. 

English Agriculture, 

THE FIELDS OF GREAT BRITAIN. A Text-book of 
Agriculture, adapted to the Syllabus of the Science and Art 
Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). With an Introduction by 
H. Kains- Jackson. i8mo, 2j. (id, cloth. 

"A clearly written description of the ordinary routine of English farm-life." — Land. ' 
" A carefully written text-book of Af^culture." — A ifufumm. ^ 
"A most comprehensive volume, giving a mass of information. V-^p:rfc«//»ra/ 
r^ 1. r T^ -, rri \Economist, 

Lulture of rruit Irees. 

FRUIT TREES, the Scientific and Profitable Culture o£ From 
the French of Du Breuil, revised by Geo. Glenny. i2mo, 4J. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Plantii^, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, 5^. cloth. 
*' A very good book, and one to be highly recommended as a practical guide. 
The practicsd directions are excellent." — Athetueum. 

Gainful Gardening, 

MULTUM-IN.PARVO GARDENING; or, How to make One 
Acre of Land produce £620 a year, by the Cultivation of Fruits 
and V^etables ; also. How to Grow Flowers in Three Glass 
Houses, so as to realise £l^6 per annum- clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, 2s. doth. 
" We are bound to reccnnmend it as not only suited to the case of the amatcat and 
gentleman's gardener, but to the market grower."— (^>n£r«i/r^« Magmntte. 

Early Fruits^ Flowers and Vegetables, 

THE FORCING GARDEN : or. How to Grow Early Fruits 
Flowers, and Vegetables. With Plans and Estimates showing the 
best and most economical way of Building Glasshouses, Pits^ and 
Frames for the various classes, &c. By Samuel Wood, Author 
of "Good Gardening," &c Crown 8vo, y, 6d. \Just published. 
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Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 

and Amateur's Complete Guide. By Samuel Wood. Author 

.of "Good Gardening," &c With lUuBtrations. Crown 8vo, 

3 J. td. cloth. \Just published. 

Bulb Culture. 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. By 
Samuel Wood, Author of "Good Gardening," etc. With 
Coloured Illustrations and Wood Engravings. Cr. ^o, 3^. (>d, cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
Being a Practical Manual on the Propagation of Forest Trees, 
Fruit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2J. td. cloth. 

Tree Pruning. 

,THE TREE PRUNER: Being a Practical Manual on the 
Pruning of Fruit Trees. Including also their Trainii^ and Renova- 
tion, also treating of the Pruning of Shrubs, Climbers, and Flower- 
ing Plants. By Samuel Wood. i2mo, zs. 6d, cloth. 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of " Good Gardening," &c. Consisting 
of the above Two Works in One Vol., 5j. half-bound. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM; A 
Practical Guide to the Cultivation and General Treatment oi the 
Potato. By James Pink. With Illustrations. Cr. 8to, 2x. cl. 

Hudson's Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c By R. Hudson, C.E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4J. 

Bwarfs Land Improver's Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULit, TABLES, and MEMORANDA, required m any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
gsrty. By John Ewart, Land Surveyor and Agricultural Engineer, 
oyal 32mo, oblong, leather, gilt edges, with elastic band, 4J. 

Complete Agricultural Surv^of^s Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCICET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, *ls, 6d. 
"We consider Hudson's book to be the best ready-reckoner on matters relating to 

the valuation of land and crops we have ever seen, and its combinaWGW ■•wVsitw^x. 

Ewart's work greatly enhances the value and ustfumess o^ 1s^e^ax^ftT-m«v\^sst«ft..-- 



It is most usefiS sis a manual for refereac*."— W^orifc 0/ England Farmer, 



33 WORKS PUBLISHED BY CROSBY LOCKWOOD & CO. 

'A Complete Epitome of the Laws of this Country^ 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Piin- 
ciples of Law and Equity. By A Barrister. New Edition. 
Corrected to the end of last Session. Embracing upwards of 
3,500 Statements on Points of Law, Verified by the addition of 
Notes and References to the Authorities. Crown 8vo, cloth, 
price, 6j. %d, (saved at every consultation). 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE 
AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 
LAW, GAME AND FISHERY LAWS, POOR MEN'S LAW, THE LAWS OF 



Bankruptcy — Bills op Exchange — 
Contracts and Agrbbmbnts — Copy- 
right— Dowbr AND DiVORCB — ElBC- 
TIONS AND RbGISTRATION — INSURANCE 
— LiBBL AND SlANDBR— MoRTGAGBS— 



Sbttlbmbnts— Stock Exchange Prac- 
TicB— Trade Marks and Patents- 
Trespass, Nuisances, etc. — ^Transfer 
of Land, etc. — Warranty — Wills 
and Agreements, etc. 



Also Law for Landlord and Tenant — \ — Friendly Societies — Qei|;yxnen, Church- 
Master and Servant— Workmen and Ai>- wardens — Medical Practitioners, &c. — 

Bankers — Fanners — Contractors — Stock 
and Share Brokers — Sportsmen and Game- 



prentices — Heirs, Devisees^ and Lq;a-^ 
tees — Husband and Wife — Executors 



keepers — Farriers and Horse-Dealers— 
Auctioneers, House-Aeents — Innkeepers, 
&c. — Pawnbrokers — Surveyors — Kail- 
ways and Carriers, &c., &c. 



and Trustees — Guardian and Ward — 

Married Women and Infants — Partners 

and Agents — Lender and Borrower — 

Debtor and Creditor — Purchaser and 

Vendor — Companies and Associations 

" No Englishman ought to be without this book." — Engineer, 

** \yhat it professes to be — a complete epitome of die laws of this country, thoroiighly 

intelligible to non-professional readers. The book is a handjr one to have in readiness 

when some knottv point requires readv solution." — Belfs Life. 
** A useful and concise epitome of the law." — Law Magazine, • 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By John Wheeler, Valuer, &c. 
Fourth Edition, enlarged, by C NoRRis. Royal 32010, cloth, <x. 
'* A concise book of reference, containing a dearly-arranged list of prices for 
inventories, a practical guide to determine t^ value of furniture, &c.*' — Standard, 

Auctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, lor. 6^. cloth. 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures, &c. By E. L. Tarbuck. 2nd Edit. i2mo, y, 6d, cloth. 

'•We are glad to be able to recommend it." — Builder. 

" The advice is thoroughly practical."— Zraw journal. 

Metropolitan Rating. 

METROPOLITAN RATING : a Summary of the Appeals 
heard before the Court of General Assessment Sessions at West- 
minster, in the years 1871-80 inclusive. Containing a large mass 
of very valuable information with respect to the Rating of Rail- 
ways, Gas and Waterworks, Tramways, Wharves, Public Houses, 
&c. By Edward and A. L. Ryde. 8vo, 12s. 6d. 
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3- " WEALE'S SERIES includes Teit-Btxilts on almost every branch c( 
ence and Industry, comprising such subjects as Agriculture, Arehitectura 
1 Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
..gineering, Physical and Chemical Science, and many miscell 
Treatises. The whole are constantly undergoing revision, and new ei 
brought up to the latest discoveries in scientific research, are constantly 
Issued. The prices at which they are sold ate as low as their excellence if 
«mavA:'—AmiTican Literaty Gaieile. 

imongst the literature of technical education, WealE'S Series has evei 
eojoyed a high reputation, and the additions being made by Messrs, CnosBV 
LOCKWOOD & Co. render the scries even more complete, and brir „ 
nuttoQ upon the several subjects down to the present time." — Itiiiing 

"It is impossible to do otherwise than bear testimony la the value o: 
Weai^'s SBRtxs."~Engiiutr. 

"Everybody — even that outrageous nuisance ' Every Schoolboy'— know; 
the merits of ' Wealk's RuoimeNTaiiv Sehies.' Any persons wishing ti 
lire knowledge cannot do better than look thro 
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of literary wealth." — The MiiropcUian. 

•• WEALE'S SERIES has become a standard 
collection of treatises in all branches of art and sc 



slible a 
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y^ ARCHITECTURE, BUILDING, ETC. 

I6.' ARCHITECTURE— ORDERS^Tii^ Orders and their ^Esthetic 
Pr3r.cipj«. iJy "W, H. Leeds. Illustrated, is. 6dL 

17. ARCIIJTECTTJRE— STYLES— Thft History and Description of 

tb« .Styi<» of Architecture of Vsirioas Conntries, irnira. the Earliest to the 
Prevttit VenfA. By T. Talbot Bckt, r.R.I.B.A., Stc Illnstrated. ss. 
*«* Okdkks akd Styles of Architectuke, in One VoL^ ys. 6d. 

18. ARC//ITECTC/RE— DESIGN— The Principles of Design in 

Architecture, as deducible from Xature and exemplified in the Works of the 
Greek and Gothic Architects. By £.L.Garbett, Architect. lUostrated. ss.6d. 

*•* 7'Ae three preceding Works, in One handsome Vol., kmlf Sotrnd, emfitied 

''Modern ARCHiTBCTUKE/'>fi«r 6c. 

22, THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, Materials used in Building-, Strength and Use of Materials, 
Workinif Drawings, Specifications, and Estimates. By £. Dobson, as.t 

23. BRICKS AND TILES, Rudimentaiy Treatise on the Manufac 

turn of; containing an Outline of the Principles of Brickmakinp. By Edw. 
DonsoN, M.K.I. Ji.A. With Additions by C. Toulinson,F.R.S. Illustrated, 3S.I 

35. MASONRY AND STONECUTTING, Rudimentary Treatise 
on ; in wliich the Principles of Masonic Projection and their application. to 
tlin Construction of Curved Wing-^yalls, Domes, Oblique Bridges, and ■ 
Koman and Gothic Vaulting, are concisely explained. By Edward Dobson, 
M.K.I.H.A., &c. Illustrated with Plates and Diagrams, as. 6d.t 

44. FOUNDATIONS AND CONCRETE ^C^i^^^", a Rudimentary ' 

'IVcitiso on ; containing a Synopsis of the principal cases of Fonndation 
Workii, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, B6ton, Pile-driving, Caissons, and 
Cofrcrdams. By K. Dobson, M.R.I.B.A., &c. Fourth Edition, revised by 
(iKOKfiK DoDD, C.E. Illustrated, is. 6d. 

42. COTTAGE BUILDING, By C. Brucr Allen, Architect 

Ninth Kdition, revised and enlarged. Numerous Illustrations, is. 6d. 

45. LlAfES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

i»LAS rKRING, &c. By G. R. Burnkll, C.E. Eleventh Edition, is. 6d. 

57. WARMING AND VENTILATION, a Rudimentary Ti^atise 
on; being a concise Kxposition of the General Principles of the Art of Warm- ' 
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses, 
ShipM, &c. By Charles Tomlinson, F.R.S., &c. Illustrated. 3s. 

83«». CONSTRUCTION OF DOOR LOCKS, Compiled fh)m the 
I'npcfi of A. C. lioitiiA, Esq., of New York, and Edited by Charlbs Tom* 
LtN-MON, F.K.S. 'I o which is added, a Description of Fcnby's Patent Locks^ 
and a Note upon Iron Safks by Robert Mallbt, M.I.C.E. Illus. as. 6d. 

III. ARCHES, PIERS, BUTIRESSES, drT.; Experimental Essays 
on the Principles of Construction in ; made with a view to their being useful 
to the Practical Builder. By William Bland. Illustrated, zs. 6d. 

R'ir TAe t iHi/i\titfS thai these xv/s, may A# had strtmgiy bound at 6d. extra, 

LOUDOVl : CROSBY LOCKVfOOD K»T> C^*% 
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Architecture, Building, etc, continued, 

Ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of the^Architect and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, ts. 6d. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Treooold. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS — THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdebx. is. 
%' The two Preceding Works in One handsome VoL, half bounds entitled "Ancient 

. Architecture," price 6s. 
16, 17, 18, 128, and 130, in One Vol; entitled " Ancient and Modern Akchitic* 

TURB," half bound, izs. 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
paur of Semi-detached Villas, with the Specification, Quantities, and Esti- 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Arcnitect. New Edition, with Plates. 2s. 6d.t 

£56. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Mitsons*, Plasterers*, Plumbers*, Painters*, Paper- 
hangers*, Gilders*, Smiths', .Carpenters*, and Joiners' Woik. By A. C. 
Bbaton, Architect and Surveyor. New and Enlarged Edition. lUus. is. 6d. 

175. LOCKWOOD &> CO:S BUILDER' SAND CONTRACTOR'S 
PRICE BOOK; for 18S2, containing the latest Prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building : Lists of 
the Members of the Metropolitan Board of Works, of Districts, District 
Officers, and District Surveyors, and the Metropolitan Bye-laws. Edited by 
Francis T. W. Miller, Architect and Surveyor. 3s. 6d. ; half bound, 4s. . 

182. CARPENTRY AND JOINERY— Tws. Elementary Prin- 

ciPLBS OP Carpbntry. Chiefly composed from the Standard Work of 
Thomas Trbdgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.| 

l82». CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the foregoing book. With Descriptive Letterpress. 4to. 68. ; 
cloth boards, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS. By George Wight- 

wick. New, Revised, and enlarged Edition. * By G. Huskisson Guillaumb, 
Architect. With numerous Woodcuts. 3s. 6d4 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign- Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, 8cc., 8tc. With 9_ Coloured Plates of 
Woods and Marbles, and nearly 150 Wood Engravings. By Ellis A. 
Davidson. Third Edition, carefully revised, ss. clotih limp; 6s. cloth 
boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting ; 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practica' 
Geometry, Mensuration, 8cc. By Adam Hammond. Illustrated, is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 
the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Third Edition^ enlarged. Containing 300 Illustrations. 
By W. P. BucHAN, Sanitary Engineer. 3s. 6d.t 



The X indicates that these vols, may he had zironzly bound at^A^exVro^ 
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Architecture, Building, etc., continued, 
192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard £. Grandt. 
Second Edition, Revised. 334 

205. THE ART OF LETTER PAINTING MADE EASY, By 

J. G. Badenoch. Illustrated with 12 full-page Engravings of Ezamplfts. is. 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Restoration. With the Theory of Domes and the Grreat PTrami<^ 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. Second Edition, 
enlarged, 4s. 6d.t 

CIVIL ENGINEERING, ETC. 

2 [9. CIVIL ENGINEERING, By Henry Law, M.Inst. C.E. 
Including a Treatise on Hydraulic Engineering by Geo. R. Bdrnbll, 
M.Inst.C.E. Sixth Edition, revised, with Largb Additions on Rxcbnt 
Practice in Civil Engineering, by D. Kinnear Clark, M.Inst. C.E., 
Author of " Tramways : Their Construction," 8cc. 6s. 6d., Cloth boards, 78. 6d. 

?9. THE DRAINAGE OF DISTRICTS AND LANDS. By G. 
Drysdale Dempsey, C.E. [New Edition in preparatwn, 

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By 

G. Drysdale Dempsey, C.E. [New Edition in prepamiion. 

31. WELL-DIGGING, BORING, AND PUMP'WORK. By John 

George Swindell, A.R.I.B.A. New£dition,byG. R.Burnbll,C.E. zs.6d. 
35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoynb, Bart., K.C.B. Illustrated, zs. od. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the Science of. By Sir M. Stephenson, C.E. New Edition. 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 

So*. EMBANKING LANDS FROM THE SEA, tlic Practice of. 
Treated as a Means of Profitable Emplo3rment for Capital. With Examples 
and Particulars of actual EmbanRments, 8cc. By J. Wiggins, F.G.S. 2s. 
81. WATER WORKS, for the Supply of Cities and Towns. WiUi 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E- New Edition. 4s4 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Bakbr, C.E. Illustrated, as. 6d.i 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams, is. 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts : I. The Art of Constructing Common Roads, by Henry 
Law, C.E., revised and condensed by D. Kinnear Clark, C.E. ; II. Rbcbnt 
Practice, including pavements of Stone, Wood, and Asphalte. Second 
Edition, revised, by D. K. Clark, M.I.C.E. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — i. Some of the more Common Forms oi 
Nuisance and their Kemeaies ; 2. Drainage ; 3. Water Supply. A useful 
book for Members of Local Boards and Rural Sanitary Authorities, Health 
Officers, Engineers, Surveyors, &c. By Charles Slaog, A.I.C.E. as. 6d.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 
facture and Distribution of Coal Gas. Originally written by Samuvl 
Hughes, C.E. Sixth Edition, re-written and much Enlarged by William 
Richards, C.E. With 72 Illustrations. 4s. Cd.l [Just published 

:i3. PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

^®* 27/ f t indicates that these vols, may be had strongly bound at 6d. extm. 
LONDON : CROSBY LOCKWOOB K^I> CO., 
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MECHANICAL ENGINEERING, ETC. 

33. CRANESf the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
JosBPH Glynn, F.R.S., 8tc. Illustrated, is. 6d. 

34. THE STEAM ENGINE, a Rudimentary Treatise on. By Dr. 

Lardnbr. Illustrated, is. 6d. 
59. STEAM BOILERS : their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Beckett (late Edmund Bbckbtt Dbnison), LL.D., Q.C. 

A New, Revised, and considerably Enlarged Edition (the 6th), with very 

numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards, gilt. 
82. THE POWER OF WATER, as appUed to drive Flour MUls, 

and to give motion to Turbines and other Hydrostatic Engines. By Joseph 

Glynn, F.R.S^ 8cc. New Edition, Illustrated. 2s4 
98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker. C.E. With Remarks on Tools and Machinery, by 

J. Nasmyth, C.E. Plates. 2s. 6d4 
14. .^.4 C^/iVjffi^y; Elementary Principles of, in its Construction an<i 

Working. By C. D. Abel, C.E. is. 6d. 
39. THE STEAM ENGINE, a Treatise on the Mathematical Theonr 

of, with Rules and Examples for Practical Men. By T. Baker, C.E. is. 60. 
62. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, 8tc. With copious Receipts, 8tc. By Walter Graham. 2s.t 

64. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. ByJ.G. Winton. illustrated. 3s.t 

65. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action ol 
Heat in the Smelting Furnace. By J. Armour, C.E. as. 6d.t 

66. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearinjr, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6(l.t 

67. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
71. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Engineer. Fourth Edition. Illustrated 
with 7 Plates and nearly 350 Woodcuts. 3s. 6d.t 

90. STEAM AND THE STEAM ENGINE, Stationaiy and 
Portable. Being an extension of Mr. John Sewell's " Treatise on Steam." 
ByD. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6di.% 

200. Fuel, its Combustion and Economy. By C. W. Williams, 
A.I.C.E. With extensive additions on Recent Practice in the Combustion 
and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, 8tc. — by D. K. 
Clark, M.I.C.E. and Edition. 3s. 66..X 

202. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; with 
large additions treating of the Modem Locomotive, by D. Kinnear Clark, 

211. THB'boReRMAKER'S ASSISTANT in Drawing, Tern- 
plating, and Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Maker. Edited by D. K. Clark, C.E. 100 Illustrations. 2s. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. is.X ^Jusi published. 

217. SEWING MACHINERY, being a Practical Manual of the 

Sewing Machine; comprising its History and Details of its Construction, 
with full Technicail Directions for the Adjusting of Sewing Machines. By 
J. W. Urquhart, C.E. 2S.t {Just published. 

223. MECHANICAL ENGINEERING, A Practical Treatise on. 



Comprising Metallurgy, Mouldinpr, Casting, Forging, Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
8cc. By Francis Campin, C.E. 2s. 6d.$ {.Jttst ^u6K&Ked. 

7%* t indicates that these vols, may be had strongly botmd at e^. extra. _ 
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weale's rudimentary series. 



SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for tiie Use of Beginners. By 
Tames Pbakb, School of Naval Architecture, H.M. Dockyard, Portsmonth. 
Fourth Edition, corrected, with Plates and Diagrams. 3s* 6d4 
53*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Sommbr • 
FELDT, Surveyor of the Royal Norwegian Navy. With an Appendix. is.6d. 
53*». AN ATLAS OF ENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to. cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tahles of Spars, Rigging, Blocks; Chain, 
Wire, and Hemp Ropes, &c., relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards ofthe Royal Navy. By Robbkt 
Kjpping, N.A. Fourteenth Edition. Illustrated, ss.t 

54*. IRON SHIP-BUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Graktbam, Con* 
suiting Engineer and Naval Architect. 5th Edition, with Additions, 4s. 
54**. AN ATLAS OF FORTY PLATES to Dlustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
"Warrior," "Hercules,^' " Bellerophon ; " H.M. Troop Shjp "Serapis," 
Iron Floating Dock, &c., &c. 4tq. boards. 38s. 

55. THE SAILOR* S SEA BOOK: a Rudimentary Treatise on 

Navigation. Part I. How to Keep the Log and Work it oflF. Part II. On 
Finding the Latitude and Longitude. By Jambs Grbsnwood. fi.A. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing ; the International (Commercial) Code of Signals : the Role of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Ltfie ; the Law of 
Storms ; and a Brief Dictionary of Sea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. By W. H. Rossbr. 2s. 6d.t 
80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E., 
Engineer- Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Seventh 
Edition, revised and enlarged. Illustrated. 3s .t 

83 Jw. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W 
Bland. Seventh Edition, revised, with numerous Illustrations and Models.zs.6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. With Attempts to facilitate the Finding of the Time and the 
Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in 
Bel^t College. Illustrated. 2s. 6d. 
I oo*. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. R . 
Young, is. 6d. 
io6. SHIPS' ANCHORS, a Treatise on. By G. COTSELL, N.A. is. 6d. 
149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weight^ 
and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, &c., &c. 
Eleventh Edition, enlarged, with an Appendix. By Robert KIippino, NJl., 
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 66..% 
155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. M'Carthy, late of the Ordnance Survey Office, Southampton. x%, 
55 PRACTICAL NAVIGATION. Consisting of The SaUor's 
^ Sea-Book. By Jambs Greenwood and W. H. Rosser. Together widi 
^^ . the requisite Mathematical and Nautical Tables for the Workmg of tiie 
T^* Problems. By Hbnry Law, C.E., and J. R. Young, formerly Professor of 
Mathematics in Belfast College. Illustrated with numerous Wood Engrav- 
ings and Coloured Plates. 7s. Strongly half-bound in leather. 

fi^* TAe t sndtca/es that these vols, may he had strongly bound at 6d, extra. 
LONDON: CROSBY LOCKWOOD XNI> COm 



weale's rudimentary series. 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY^ for the Use of Beginners. By Professor George 

FowNES, F.R.S. With an Appendix on the Application of Chemistry to 
Agriculture, zs. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, xs. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. i%.% 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomlinson. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabine, C.E., F.S.A. is. 6d. 
7*. GAL VANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robert Sabine, C.E., F.S.A. is. 6d, 

8. MAGNETISM; being a concise Exposition of the General Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
Noad, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," 8cc., &c. With 165 Woodcuts, ts. 6d4 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A. 38. 

12. PNEUMATICS, for the IJse of Beginners. By Charles 

ToMUNSON. Illustrated, is. 6d. 
72. MANUAL OF THE MOLLUSC A ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 
1^**. PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhoven, 
by W. H. Thornthwaite, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 

New Edition, with an Appendix on "Spectrum Analysis." Woodcuts, is. 6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodjrnamics, and 
Central Forces. By T. Baker, C.E. xs. 6d. 
138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide te Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL I^LEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt, Indian Gov. Telegraphs. 3S.t 

143. EXPERIMENTAL ESSAYS, By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of the Modem Theory of Dew. Woodcuts, is. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,8tc. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's *' Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's "Rudiments of 

174. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.4 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in University 

l8d. College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 






Sold also in Two PartSy as follows : — 



183. AsnMAL Physics. By Dr. Lardner. Part I., Chapters I. — ^VII. 4s. 

184. Aj*imal Physics. By Dr. Lardner. Part II., Chapters V HIw—yLM^XV. •>>. 

Ti^ t indtcaies that these vols, may be had siron?,ly boi md at ^d. ex tra, 
7, stationers' hall court, 1A3I>0KT'E. 'B.WA^^ ^*^* 



8 W£ALB*S RUDIMENTARY SERIES. 



MINING, METALLURGY, ETC. 
117. SUBTERRANEOUS SURVEYING, Elementary and Practical 

Treatise on, with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illnstrated. 2s. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Ailoys. 
By Robert H. Lamborn, Ph.D. Woodcuts, ss. 6d.t 

134. METALLURGY OF SILVER AND LEAD, A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lahborn. Woodcuts, as. 6d.t 

135. ELECTRO-METALLURGY; PracticaUy Treated. By Alex- 

ander Watt, F.R.S.S.A. 7th Edition, revised, with important additions, 
including the Electro-Deposition of Nickel, &c. Woodcuts. x%X 

172. MINING TOOLS, Manual of. For tiie Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d.t 
172* MINING TOOLS, ATLAS of Engravings to lUustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 6s. 

;!76. METALLURGY OF IRON. Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu« 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. 4th Bdition. 4s. 6d.| 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised and 
enlarged. With numerous Illustrations. 3s. 6d.t XJusi ^bltsheJ, 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PL£T£ GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Lajring out and Valuing Mineral 
Properties. By William Lintrrn, Mining and Civil Engineer. 3s. 6d.| 

214. SLATE AND SLATE eC/^^^IV-ATC^, Scientific, Practical, and 

Commercial. By D. C. Da vies, F.G.S., Mining Engineer, &c. With 
numerous Illustrations and Folding Plates. y&X 

215. THE GOLDSMITHS HANDBOOK, containing full Instruc- 
tions for the Alloying and Working of Gold. By George £. Gbb, Goldsmith 
and Silversmith. Second Edition, considerably enlarged. ^%.X\yusi published. 

225. THE SILVERSMITHS HANDBOOK, containing full In- 
structions for the AlIo3ring and Working of Silver. By George E. Gee. is.t 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By Wiluam Lintern, 
Mining and Civil Engineer and Surveyor. 2s. [Just published, 

FINE ARTS. 
20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
I Students and Amateurs in Architecture, Painting, &c. By George Pyne. 2s. 
40 GLASS STAINING ; or, The Art of Painting on Glass. From 
Sc the German of Dr. Gessert. Wirh an Appendix on The Art of Enamkl- 
^j LING, &c. ; together with The Art of Painting on Glass. Fiom the 
^ • German of Emanuel Otto Fromberg. In One Vol u tic. 2s. 6d. 
69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer, as. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles CriId Spencer. js.6d. 
69-71. MUSIC AND THE PIANOFORTE. In one volume. Half 

bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature. 
Painting on Ivory, Vellum, Pottery, Enamel, Glass. &c. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Fourth Edition, revised and enlarged. $s.% 
186. A GRAMMAR OF COLOURING, apphed to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, 8cc. 3s4 

(^* The t indicates that these vols, may be had strongly bound at 6d. extra. 
LONDON : CROSBY LOCKWOOB M^B CO ^ 
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AGRICULTURE, GARDENING, ETC. 

29. THE DRAINAGE OF DISTRICTS AND LANDS, By 

G. Drysdalb Dkmpsxt, C.E. ^New Ediiion in frefaraiion, 

66. CLAY LANDS ^D* LOAMY SOILS. By Prof. Donaldson, is. 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 

RECKONER, for ascertaining at sight the valne of any quantity of Corn, 

from One Bnshel to One Hundred Quarters, at any given price, from ^xio 

j^perQr. With approximate values of Millstones, Millwork, &c. is. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING dr* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts, as. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts, ssi 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts, as. od. 

* Nos. I40-X-2-5-6, in One Vol., handsomely half-bound, entitled "Outunes of 
Modern Farming." By Robert Scott Burn. Price 12s. 

177. FRUIT 2REES, The Scientific and Profitable Culture of. From 
the French of Dy Breuil. Revised by Geo. Glenny. J87 Woodcuts. 3s. 6d.t 

i^. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, 8cc. Fourth Edition, 
considerably enlargea; with numerous fine engravings, including some 
specimens of New and Improved Breeds. 366 pp. 3s. 6d.| 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, with cultural directions for the management of them all 
the year round. By George M.F.Glenny, Author of "Floriculture,"&c. zs.6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organic 

nation of Fartn Labour: Treating of the General Work of the Farm ; Field 
and Live Stock ; Details of Contract Work ; Specialities of Labour ; Econo- 
mical Management of the Farmhouse and Cottage, and their Domestic 
Animals. By Robert Scott Burn. as. 6d.; {^ust published. 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, &c. By R. Scott Burn. as. 6d.t 
%• Nos. 207 6f ao8 in One Vol., handsomely half-bound, entitled ** Outlines of 
Landed Estates and Farm Management." By R. Scott Burn. Price 6s. 

209. THE TREE PLANTER AND PLANT PROPAGATOR : 

Being a Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Fot-Herbs, &c. ; with numerous Illus- 
trations of Grafting, Layering, Budding, Cuttings, &c.. Useful Implements, 
Houses, Pits, &c. By Samuel Wood, as.t [^ust published. 

210. THE TREE PRUNE R : Being a Practical Manual on the 

Pruning of Fruit Trees, including also their Training and Renovation ; also 
treating of the Pruning of Shrubs, Climbers and Flowering Plants. By 
Samuel Wood, as.t [Just published. 

%• Nos. aoQ &» aio in One Vol., handsomely half-bound, entitled^* The Tree 
Planter, Propagator and Prunbr." By Samuel Wood. Price $s. 

219. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c., 
forming a complete Calculator and Ready-Reckoner, especially adapted to 
persons connected with Agriculture. Fourth Edition. By John Steele, as. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. By the late Prol John Donaldson. With Additions by 
R. Scoi-r Burn. I^econd Edition. 3s. 6d.t t'J^wt ^-aUisVted. 



The t indicait* that iksse vols, may be had ttrvngly bound at bd. extro^> _ 
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ARITIIIMETIG, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjustine, and Using them 
are concisely Explained. By J. F. Heather, M.A., of the Royal Military 
Academy, Woolwich. Original Edition, in i vol.. Illustrated, is. 6d. 
■ »* In ordering the above, be careful to say, " Original Ediiton '* {No, 32), to distiu' 
gut'sh it from the Enlarged Edition in 3 vols, {JVos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranged for the Use of Schools and 
Private Students ; also for Practical Land Surveyors and Engineers. By 
T. Baker, C.E. New Edition, revised by Edward Nugent, C.E. Illus- 
trated with Plates and Diagrams. 2S.t 

(ii'' , READY RECKONER FOR THE ADMEASUREMENT OP 

LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2s. 6d. toj^i per acre, and 
Tables for the Valuation of Land, from is. to j^i,ooo per acre, and from one 
pole to two thousand acres in extent, &c., &c. is. 6d. 

^e, DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGE. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By J. F. Heather, M.A. [/m preparation. 

*i^* The above three volumes will form a Complete Elbmintary Course of 

^/T ATHRM ATTP AT T^R AWITU f* 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. B^ J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Indezt is. 6d. 

84*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Youno. is. 6d. 

85. EQUA TIONAL ARITHMETIC, appUed to Questions of Interest, 
gc*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which sdl Calculations may be greatly facilitated. By W. Hipslby. 28. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2S. 
86*. A Key and Companion to the above Book, forming an extensive renository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. YOUNG. IS. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 
go and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. as. 6d.t 

•«• Sold also separately, viz. : — 

88. EucuD, The First Three Books. By Henry Law, C.E. it. 6d. 

89. EucuD, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d. 
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WEALE'S rudimentary series. II 

Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALYTICAL GEOMETRY AND -CONIC SECTIONS, 

a Rudimentary Treatise on. By James Hann% late Mathematical Master of 
KixiG^'s College School, London. A New £dition, re-written and enlarged 
by J. R. YouNO, formerly Professor of Mathematics at Belfast College, as.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, xs. 6d. 

92. SPHERICAL TRIGONOMETR K, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. xs. 
•#• Or with " The Elements 0/ Plane Trigonometry" in One Volume, 2s. 6d. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
smd Additions by £. Nugent, C.E. Illustrated, xs. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMBRSHAM Cox, B.A. Illustrated, xs. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, xs. 
lOi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
WooLHOUSE, F.R.A.S^ &c. xs. 6d. 

105. MNEMONICAL LESSONS, — Geouetky, Algebra, and 

.Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas 
Pbnyngton KUIKMAN, M.A. X8. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 
Instruction. By Jambs Haddon, M.A. Revised by Abraham Arman. 
xs. 6d. 

X37. A S^Y TO Haddon's Rudimentary Arithmetic. By A. Arman. xs. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather^ M.A^ late of tne Royal 
Military Acadenw, Woolwich, Author of " Descriptive Geometry,** 8cc., 8tc. 
Illustrated, is. od. 

169. OPTICAL INSTRUMENTS, Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F, Heather, M.A. Illustrated, xs. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS, 

Including— I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By T* E. Heather, M.A. Illustrated, xs. 6d. 
•«• TAe above three volumes form an enlargement of the Author's original work, 
** Mathematical Instruments: their Construction, AdjustmentjTesting,andUse,^* 
the Thirteenth Edition of which is on sale, price is. 6d. {See No, 32 in the Series.) 

xG^-^ MATHEMATICAL INSTRUMENTS, By J. F. Heather, 

169. ^ M J\.. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
xfo.j above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
fall, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapicuty and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. 2s. 6a.t 

185. THE COMPLETE MEASURER; setting forth the Measm-e- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, S<^uare-sided, Octagonal- 
sided^ Round Timber and Stone, ancl Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers, Merchants, and Surveyors. 
Stonemasons, Architects, and others. By Richard Horton. Third 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUL 
TIES ; with Tables of Logarithms for the more Difficult Computations o£ 
Interest, Discount, Annuities, &c. By FiDORTKOM.lkXS. «^.\ ^^___^ 

XS* t indicates that these vols, may he ha d strongly botwd at ^» extva%^ 

7, stationers' hall COURT, lAJiiOKTis. isw:^* ^^^' 
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Arithmetic, Geometry, Mathematics, etc., continued, 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together witn Full Explanations of 
Decimals and Duodecimals, several Useful Tables, &c. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. K. Young, 
formerly Professor of Alathcmatics in Belfast College. 3s.i 

204. MATHEMATICAL T^^Z^.V, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe- 
matics in Belfast College. New Edition. 3s. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONSt and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhouse, F.R.A.S., F.S.S. Sixth Edition, 
carefully revised and enlarged. 2s.| [Just published. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHjS* 
OLOGY, the FINE ARTS, &*c. ByJoHNWEALE. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus- 
trations. 5s. cloth limp ; 6s. cloth boards. 
SO. 7 HE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. 33.^ 
1 1 a. MANUAL OF DOMESTIC MEDICINE, By R. Gooding, 
B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency, as.t 

112*. MANAGEMENT OF HEALTH. A Manual of Home and 
Personal Hygiene. By the Rev. James Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONEY, With 

an Explanation of the Mode of Trausacting Business on the Stock Exchange. 
By Francis Playford, Sworn Broker, is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. 2s. 

154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World. 2s. 

157. THE EMIGRANT'S GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 93rd 
Sutherland Highlanders, &c. With 163 Woodcuts, ^s.^ 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work. Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-orewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, &c. By An Old Housekeeper. 3s. 6d.| 

194. HOUSE BOOK {The). Comprising :— I. The House Manager. 

112. By an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding, 

o. M.D. III. Management of Health. By Jambs Baird. In One Vol., 

^ strongly half-bound. 6s. 

224. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and Processes 
involved, with Hints on the proper Keeping of Carriages, &c. With 57 

Illustrations. By James W. Buroess. 2s. 6A.X 

TAe t indicates that these vols, may be had strongly bound at 6d. extra. 
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EDUCATIONAL AND CLASS ICAL SERIES. 

HISTORY- 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. By 
WiixiAM Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise ot the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of; from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation oi the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS- 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.C.L. Fourth Edition, is. 6d. 
II*. Philology: Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hvdb Clarkb, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hywb Clarke, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., ^s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
X 7th Edition, is. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin; Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, is. 6d. 

57. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar- General and Professor at the 
Sorbonne. Translated from the French. 7th Edition, carefully corrected. 2s. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall ana Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Georgb E. Webstbr. 2S. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector 
of Schools. 

Introductory Primer, 3</. 



First Standard . .06 
Second „ . . o 10 

Third „ ..10 



f. </. 

Fourth Standard . . . i a 
Fifth „ ...16 

Sixth „ ...16 

Lessons FROM thb Biblb. Parti. Old Testament, is. 
Lessons from the Bible. Part II. New Testament, to whlcK U ^4&r^ 
The Geography of the Bible, for very \o>Kve C\5J\^x«tt.. ^'^^*^*^* 
. Thornton Forster. is. 2d. ♦»* Ot tVie Tv<oYaLTV&Vcv Qxv<s.n Ocsxw ^ 

7, STATIONERS' HALL COUTiT, T.\3TyGKT'E. ^W^-^ '^•^* 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, &c. By Alfred Elwbs. is. 6d. 

26. English-French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s, ; 

cloth boards, 3s. 6d. \* Or with the Grabcmar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN, 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. Gernaan Triglot Dictionary. By Nicholas Esterhazy 

S. A. Hamilton. In Three Parts. Part I. German-French-English. 
Part II. English- German-French. Part HI. French-German-English. 
3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

& 39. Grammar (No. 3q), in One Volume, cloth boards, 59. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. ByALFRBD Elwbs. 
Vol. I. Italian-English-French. 29. 6d. 

30. Italian Triglot Dictionary. By A. Elwks. Vol. 2. 

English-French-Italian. 2S. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vcd. 3. 

French-Italian-English. as. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By Alfred £»lwbs. 
4s. ; cloth boards, ss. %* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwbs. is. 6d. 

56. Portuguese- English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfred Elwes. 

[/« freparaium* 

HEBREW. 

46*. Hebrew Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrevr and English Dictionary, Biblical and Rabbinical ; 

containing the Hebrew and Chaldce Root; of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
H>46. Hebrew Dictionary (as above), in Two Vols., complete, with 
4^'*- the Grammar, cloth board s, las. 

LONDON : CROSBY 1jOCKWOOT> KSI> C0.> 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., jEIcad Master of the Greenwich Proprietary School, is. 

20. Latin-Knglish Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 

cloth boards, 4s. 6d. %* Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d, 

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographica 

Register for the Use of Schools, by H. Youno. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics oy W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5* Virgilii Maronis .^neis. With Notes, Critical and Explanatory, 
by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Lbary, D.C.L., formerly Scholar of Brasenose 
College, Oxford. 3s. 
5* ' Part I. Books i.— vi., I8. 6d. 

5** — — — Part 2. Books vii.— xii., 2s. 

6. Horace; Odes, Epode, and Carman Sseculare. Notes by H. 

Young, is. 6d. 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGG Smith, M.A., F.R.G.S. is. 6d, 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentli Andria et Heautontimonimenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronls Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
James Davibs, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Lselius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialog!. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. YouNO and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 

i6». Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6d, 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Yelleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satu«. With Prolegomena and "Not^^ Vrj'Y.'^^.^. 

EscoTT, B.A., Lecturer on Logic at King^a Co\\^^e,"L.«tAsstk.. •». 
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.58 THE APPLICATION OP lEON 



^^^Cliat table is automatically moved between the 

)f the puncli through a distance corresponding to 
)itch of the rivets. 

The templates being completed, and sent into 
plating shop, the marking is soon effected, and the 
is then ready to pass into the hands of the 
workmen who carry out the subsequent operati 
With ordinary flat plates and bars, punching 
truing the edges is all that is required before pul 
the work together. The former is simple en 
requiring merely care on the part of the worhmea 
follow the marks as closely as possible. 

For truing the edges, in most cases shearing, in 
ordinary shearing machine, is all that the works m 
but, where exact butt joints are to be made, the ends 
the plates must be planed, which may be done eii 
with a rectilineal planing machine, or a rotating cal 
The latter is most convenient, and if carefully adj 
will turn out sufficiently accurate work. These oul 
consists of discs, similar to the face plates of lathi 
but furnished with short cutters, which act in turn 
the face plate revolves. Usually, a number of 
plates are fastened together, and the ends of them 
planed at one operation, which both saves time and-^ 
makes a better job than would result if they were.j 
planed ono by one. Joints of this description arer 
requisite for members in compression, where equal beais^ 
ing is required throughout, but in tension members it> 
is a matter of no consequence. Plates requiring to be^ 
curved must be passed through ordinary boiler maken" 
bending rolls until the required form, gauged by a- 
template, is obtained, but knees and joggled stifiisnen 
and strips must be made into the proper forms liy , 
smiths before being punched or drilled. a 



